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PREFACE. 



It is now several years since the description of bracing 
chiefly dwelt upon in the following pages suggested itself to 
the author ; and he was surprised to find that a method of such 
simplicity and evident excellence should have been employed 
in only a few unimportant instances, apd, in the majority of 
these, in a mixed or not very evident way.* This naturally 
led him to investigate i^ qualifications, and it was his expecta- 
tion to have had opportunities, in the exercise of his profession, 
of making practical use and exemplification of the results. 

* The first example that is likely to occur to the reader is that of the 
spandrils of Southwark Bridge ; but the a/rc\ from its construction and 
de/ptU of material, is quite independent of additional bracing, and the use of 
the lozenges of the spandrils is merely to connect the arch with the roadway ; 
thus, the Sunderland Bridge, which is of nearly the same span and of 
greater rise, and composed of voussoirs of less depth and inferior character 
for rigidity, is, nevertheless, without spandril-bracing. 

A design somewhat similar to the above, represented by Figure 19, is 
sometimes used for engine-shafts, etc., and its bracing power is, in such 
cases, brought into action. 

Another, and, though insignificant, seemingly a very clear application of 
the method is that employed to brace the transverse pipes between the 
main chains of the Menai Bridge. 

But the most decided case of its employment, in its simplest form, which 
the author has met with is that figured in the March part of **The 
Builder" of the year 1850 (page 100, Vol. VIII.) ; it is the wrought-iron 
roof over the Strasburg Kailway Station at Paris. 

Town's Lattice Bridge depends, no doubt, for its strength upon the method, 
but presents an example of it in a very compound state, and which might 
have been adopted without a knowledge of the eflOlciency of the method in 
its simplest form. (Figure 33.) 
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Such opportunities, however, not having as yet occurred, he 
adopts the less congenial means of the pen to place his inves- 
tigations in such a position that they maybe capable of becom- 
ing useful. In these investigations the simpler geometrical 
processes have been preferred to those of a more abstruse 
character. 

The first draft of the work was strictly confined to the par- 
ticular kind of bracing above referred to, which may be 
appropriately named the double-acting or triangular method ; 
but, upon after-consideration, the plan has been somewhat 
extended, as it was judged that a few moderate additions 
would render the work more useful, and better fitted, though 
very imperfectly, to supply an important desideratum in the 
library of the engineer. 

For dignifying the little work with the title of "A Treatise 
on Bracing," it is oflfered as an explanation that, though de- 
voted almost exclusively to one method, the results obtained 
may be easily applied to all other varieties, with the exception 
of plate-hradng. This last kind, indeed, is of so peculiar a 
nature that a completely different process must be employed 
to elucidate its action ; probably the results of experiment 
must be principally depended upon to give us correct ideas of 
its capabilities. 

As bridges are the structures in which bracing is most exten- 
sively employed, much will be said of them ; but, as the inten- 
tion is merely to explain its application, those parts which 
either infiuence or are influenced by the character of the 
bracing alone come strictly within the scope of this treatise. 
In a few instances the author may have gone beyond this 
intention, in the belief that the space so employed would not 
be deemed by thte reader unprofitable. 
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In conclusion, the writer begs to say that in launching 
his little bark upon the seas of publicity, he is not expectant 
of its passing triumphantly through the testing billows of criti- 
cism ; these may disclose many deficiencies in its structure — 
with some of which, however, its architect is already acquainted ; 
but the first vessel built upon a new principle is always, in 
some degree, experimental, aiding man to construct in the fu- 
ture a perfect one of the same class. Seldom, upon a new 
subject, was a volume ever published that had not to undergo 
many changes and enlargements ere it ranked as a standard. 
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INTRODUCTORY CHAPTER. 

DEFINITIONS. 

It is necessary to state here the sense in which several terms 
will be employed; as it has been found expedient to restrict 
the meaning in most cases, thus rendering the words so much 
tlie more precise. 

When a construction is so framed that, under the action of 
any arrangement of forces, the angles cannot alter, nor there- 
fore the shape, it is described as a completely iraced^ or simply 
a hraced^ structure. 

When a fabric is adapted to retain its shape under the action 
of a force applied in one direction only, it is said to be only 
partially braced, or braced sufficiently for the circumstances ; 
as in the case of the simple roof. Figure 2. * 

When the external figure of the structure is not, of itself, 
sueh as to ensure the retention of its form (i.«., when not a tri- 
angle), the addition to effect this is called the hraci^ig^ and 
each piece is named a struts a iie^ or a hrace^ according to the 
office it performs. 

When a part is only required and adapted to resist compres- 
sion, it is called a strut,* and in the diagrams of this work, 
when it can conveniently be done, will be represented by two 
lines, as shown by a, Figure 1. 

When a part is only required and adapted to act against a 

* In speaking of the parts of a stractare, if it be desired to distingnii^ those struts or 
tics used for bracing it from others, they may be designated as Inxuing stnris or bracing t^. 
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force of tension, it is called a tie-beam, tie-piece, tie-bar, or 
simply a tie, and will be represented by a single strong line, 
as J. ' 

• When a part is required and adapted to act both as a strut 
and a tie, it is galled a double-acting piece, complete brace, or 
simply a brace, and will be represented by two lines, as for a 
strut, with the addition of a central stronger one, as for a tie ; 
this is shown by c. 

When the parts of a braced figure are so long as to be in 
danger of bending, and this is prevented by certain additions, 
these are called, collectively, the trussing^ and the beams so 
stiffened are said to be trussed ; the whole figure so treated, 
when it does not require hracing^ is called a truss. Thus, Fig- 
ure 2 represents a simple roof-truss ; the additional parts, cf^fd^ 
fh^ constitute the trussing, and they truss or stiffen the pieces 
aey ec, and acy respectively. 

The term j^r^^^t^/*^, consistently with the practice of eminent 
writers, is used to signify statical force, either of a compressive 
or tensive character. 

BRACED FORMS. 

As a foundation from which to commence, we assume the 
following propositions: 

Prop. I. In a triangle, an angle cannot increase or dimin- 
ish without the opposite side also increasing or diminishing. 

Prop. II. When the angles of a figure are unchangeable, 
the shape is unchangeable, and, therefore, the figure is com- 
pletely braced. 

The converse of each of these is also true. 

A triangular structure (Figure 3), having sides that are 
unchangeable (by I. and II.), is a completely braced form. 

If a quadrilateral figure (Figure 4) alter its shape (by neg. 
conv. of II.), the angles alter, and, as the sum of the angles 
must be equal to four right angles, they cannot all increase or 
all diminish, therefore (considering the diagonals as third sides 
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of triangles, by I.) the diagonals must one increase and the 
other decrease. And hence — 



In order that 
anj change of 
form may take 
place in a quad- 
rilateral flgare, 



A diagonal must diminish :— ff"*=v<'"^1 

A diagonal mast increase :— 

Anj diagonal mast either ' 
increase or diminish— 
both mast change :— 
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Consequently, all these 
forms are completely 
braced, as each does not 
permit of an effect taking 
place which would neces- 
sarily result from a 
change of figure. 



Tlio above forms are the elements of all thoroughly-braced 
structures. They are of an insulated character. But there are 
certain modifications of them which depend upon external re- 
sistances; these maybe either partially or completely braced, 
according as their parts are capable of acting in one or two 
capacities. The Figures 8-11 represent some of these ; Figure 
11 is an extreme of Figure 8, one of the legs becoming horizon- 
tal — it cannot transmit any vertical pressure to its abutment. 

There are several forms, frequently employed, which arc 
not sufficiently braced, though very considerable stiffness may 
be produced in them, but only by the use of excessively thick 
parts. To save time in describing these and their defects, we 
have given three series of diagrams in Figures 12, 13, and 14. 
The first of each, marked A, is a sketch of the objectionable 
BtinKHure ; the second, B, represents, in an exaggerated man- 
ner, the effects resulting from a weight placed eccentrically ; 
and the remaining diagrams illustrate methods of remedying 
the defects. 

The last series. Figure 14, requires particular consideration. 
The first modification of it, C, is too often employed as the 
bracing of bridges, etc. When the weight is placed eccen- 
trically, it is supported on the principle of Figure 11. It will 
bo readily seen, therefore, that when the bridge is long in pro- 
portion to its depth, and nearly orfe-half of its length, J^, is 
loaded, a great force will be brought against the point a, and 
a very moderate motion of a, or shortening of c a, will produce 
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a considerable depression of the portion at d. Hence this can- 
not be admitted, as a sufficiently braced form, for any but short 
spans in conjunction with considerable depth of framing. The 
second modification, D, on the contrary, is an excellent form ; 
in it the principle is quite diflferent ; for whereas in the form c 
an eccentric weight is supported wholly (theoretically speak- 
ing) by one abutment, in this each abutment contributes sup- 
port in a degree inversely proportional to the distance of the 
weight from it. Of course, any of the completely efficient 
bracings. Figures 5, 6, and 7, for a four-sided compartment, 
may be introduced. The design E is suited to obviate the 
particular change shown in B, but it is not braced ; other con- 
tortions may take place, from the longitudinals approaching 
nearct* to one anotlier. 
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CHAPTER I. 

ON THE DOUBLE-ACTING OR TRIANGULAR METHOD OF 

BRACING.* 

To develop this method, let us take the eomprehensive case 
of two parallel beams requiring such bracing between them as 
shall prevent any change of form in the structure that might 
result from the action of any forces whatever thereon. 

To satisfy this requisite of permanency of shape, the most 
efficient methods at present in general use, are, in carpentry, 
those shown by Figures 15 and 16 ; and, in iron-work, those of 
Figures 17 and 18. Figure 19 gives the best design for cast- 
iron beams, etc., when of one piece. 

These are, no doubt, sufficiently strong and effective as brac- 
ings ; but there is^ Figure 19 excepted, far more both of mate- 
rial and workmanship used than is absolutely necessary, not 
only causing needless expense directly, but often also indirect- 
ly, as the excess of weight above what is imperatively required 
may necessitate the provision of a great deal of additional 
strength in the structure, simply to bear it ; and this, in the 
case of bridges, would have the effect of considerably diminish- 
ing the length of span attainable. 

Let us now consider the method of bracing shown by 

*T]iis method is founded on tlie simple braced element shown by Fig. 
7. But the insertion of the chapter is i^arranted by the farther elucidation 
it affords of this most important subject. 
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Figure 15. Here, as the forces may vary, in their direction, all 
the diagonals require to be strutted ; but suppose that the ends 
of one of these diagonal struts (say a V) are so jointed that the 
strut may bo enabled to act also as a tie-bar ; such being the case, 
the other strut (c d) of the parallelogram {achd) is no longer 
required, for when it would have been of use, the modified one 
(a J), by acting as a tie, is now a sufficient substitute. Giving^' 
then, to one strut of each parallelogram the power to act either 
AS strut or tie, and doing away with the remaining one, the 
braced structure becomes what is seen in Figure 20 or 21, ac- 
cording to the order of procedure. In the figures, the upright 
pieces are also represented as fitted with the double-acting 
joints, so that the iron tie-bars or sti-aps, seen in Figure 15, 
would be superfluous. In Figure 20, the upright pieces are 
unnecessary in the bracing, as the point a is fixed in position 
by the braces a h and ae ; doing away, therefore, with the up- 
right pieces of Figure 20, our braced framing becomes what is 
shown by Figure 22, which is the method of bracing advocated ; 
an4 Figure 21 is evidently a variety of it. Figure 22 might 
have been deduced from Figure 21 by merely altering the in- 
clinations of the braces, producing an arrangement that would, 
in most situations, be more efficient. 

Figure 22, then, is an efiective bracing, capable of resisting 
a change of form under any disposition of the pressures to which 
it can be subjected ; and yet, compared with Figure 15 (which 
is the most generally used design), how simple and light ! The 
weight of material may be roughly estimated at one-third (the 
beams braced, of course, not being included) ; and as to work- 
manship, the saving in that may even be greater, and suscepti- 
ble of much more perfect execution ; and the parts may be made 
removable for repairs with the greatest ease and safety, which 
is a matter of primary importance when wood is the material 
employed ; at the same time, the liability to decay and failure 
is considerably lessened by the nature of the joint to be used, 
and by their diminished number. 
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CHAPTER 11. 

APPLICATIOlf OF THE TRIANGULAR BRACING TO 

VARIOUS STRUCTURES. 

The following view of the action of a bracing will often be 
fonnd useful, in investigating the pressures brought into 
action : 

In all braced structures, though two longitudinal pieces, at 
least, are necessary, yet one only of these may be considered as 
the primary member, all the other parts being looked upon as 
the means of bracing. Thus, for example, in Figure 23, the 
beam ah requires bracing; arrange, then, as shown in the fig- 
ure, a series of pairs of braces along it ; each of the triangles 
ad TijUeCy etc., is thoroughly braced, and may, therefore, be re- 
presented as solid plates. Now, the application of weights to 
the beam a h will give it the curved appearance represented in 
Figure 24, and this change is necessarily accompanied by the 
approachment of the apices, <?, ^,/, g^ of the braced elements to 
one another, and the dotted lines, which were vertical in Fig- 
ure 23, become here radii of curvature. If we prevent these 
changes by the insertion of strut-pieces between the apices, as 
seen in Figures 25, 26, etc., a braced structure will be produc- 
ed. And when the braces are applied beneath, or when the 
upper beam is considered as the braced member, the intervals 
between the apices, on the addition of weights, would tend to 
increase, which must therefore be counteracted by the applica- 
tion of tieSy as seen in Figure 27. 

The action of bracing upon flexible arches, when viewed in 
this manner, becomes very evident ; and, as this is one of its 
most important applications, it deserves particular considera- 
tion. In Figure 28, P a Q represents a flexible arch. When 
a load is placed on the crown, that, of course, is flattened and 
depressed, and the haunches are raised and further bent ; and 
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when the weights are placed on the haunches, opposite motions 
and effects ensue. Now, the arch may be broken in two ways : 
either from being so unequally loaded that a part of it is rup- 
tured by being too much bent, or, when the arch is so braced 
as to be retained in its proper form, it is crushed by the 
pressures transmitted along it ; the load required to destroy the 
arch in the latter manner is very much greater than is suffi- 
cient in the former ; hence the great utility ot bracing the flexi- 
ble arch* 

In investigating the application of bracing to a great varie- 
ty of structures, the work will be much simplified by arranging 
them into different classes, though one class may, in reality, be 
but the extreme of another. Adopting this plan, and commenc- 
ing with the simplest forms — 

The First Glass that claims our attention is that exempli- 
fied by Figure 29, being two paraUel he&mB with the bracing 
between them, the whole acting as a girder. This, with the 
triangular bracing, is an excellent design for bridges, and also 
for the longitudinal framings of roofs, steamboats, etc., and for 
scaffolding and other framings. 

The Second Class comprehends all structures that act on 
the girder principle, but which have not the longitudinal beams 
parallel. The designs shown by Figures 30 to 34 are included 
in this class. In the first division of these — ^viz., 80-32 — though 
less material may be required than by Figure 29, that advan- 
tage will sometimes be more than counterbalanced by the in- 
creased difficulty of execution. The second division, compre- 
hending Figures 33 and 34, consists of structures not requiring 
Iraeingj as that is defined at page 1 — the external form, with- 
out addition, being a braced one ; but, when large, they require 
trussing, and "though they do not, therefore, come strictly 
within the province of this treatise, yet, as the simplest form 
of trussing that can be introduced is exactly that of the sim- 
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plest bracing, with this difference, that the parts are required to 
act in only one capacity, we may be excused for introducing 
them. Figure 33 is a design now much used for iron roofs ; 
the reverse of this, shown by Figure 34, is an excellent design 
for a rigid suspension bridge. Tlie author has never seen the 
latter employed with more than three supported points. Of 
course, to secure rigidity, the sides of the triangle must be 
maintained straight lines. 

The Third Class. — The structures included in this class 
are those which derive their strength from a single braced arch. 
Figures 35 to 42 are examples. These may be divided into 
three sub-classes—;;?/'*^, those having the bracing arranged 
along the intrados, but which have not the arches tied, as 35 
and 36; second^ those which are braced internally, and have 
the arches tied, as 37 and 38 ; and, thirds those which have the 
bracing along the extrados, as 39 to 42. 

The Fourth Class consists of arrangements of two or 
more parallel, or nearly parallel, flexible arches, each contribut- 
ing its share of support, and the whole, by the introduction 
of bracing between them, acting, in a great measure, as a single 
deep rigid arch — Figures 43 and 44. 

TABLE I. 

TABLE OF SYMBOLS USED IN THE FOLLOWING PAGES. 

w = Weight at each loaded point of the span. 
N = Total number of weights or points. 
W = N t^ = Total load. 
9 = Distance between the weights or points. 
S = N « = Total length or span. 
P = Pressure acting in a given line, a h — see Figure 45. 
V = The vertical element or component of pressure P, = J c. 
II = The horizontal element of pressure P, = a t?. 
= / a J <? = The angle at which the given line, a J, ]& 
inclined to the vertical, h o. 
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(p •=: /_h a c -=■ The angle at which the given line, a S, fe 
inclined to the horizontal line, a c, 

P = V sec. = H sec, <p = y^H' + Vj) 

V = P ~- sec. = P. sin. </? = P cos. 6^ = H tan. cp, 
H = P -^ sec. cp z=i P. sin. d = tan. d. 



CHAPTER III, 

ON THE PRESSURES THAT MAY BE BROUGHT INTO 

ACTION IN CLASS FIRST. 

TnE best process for arriving at the amount of the pressures 
that may be brought into action in the several parts will be, 
first, to get the effects produced by each portion of the load 
separately, and then to find the maximum strains that can be 
produced by any arrangement of the weights ; for the strains 
are not all the greatest when the whole length of the structure 
is loaded, as, by removing the weights from some of the points, 
the strains in some of the braces may, it will be seen, be i;i- 
creased. As an example of the method pursued in calculating 
for the results given in the following table, let us investigate 
the forces arising from one weight = Wy placed. at the point 4 of 
Figure 46. As the support contributed by each pier (from a 
property of the lever) must be inversely as the distance of the 
weight from it] the pier Q will support \\ Wy while the other 
pier, P, supports the remaining portion of the weight, ^ w. 
The vertical pressure, i\ Wy has therefore to be transmitted, 
through the bracing, to the pier Q ; the real pressure, P, induc- 
ed in the brace h will therefore be = {\ w. sec, Z ^ 5 B, = || t^. 
sec. 0, and by means of that brace, the vertical element, V= 
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1^ w, is impressed on the point k. This point must be borne- 
up by the brace Uj which is consequently stretched with the- 
&trMnot{iw. sec. 6; this is next transmitted through the 
brace c, and so on, till it is finally impressed at Q. The other- 
portion of the weight, in like manner, causes strains of j\ w. 
sec. 6, in all the braces from the point 4 to the pier P, of com- 
pression in those which are inclined in the same way as brace* 
s, and of tension in those inclined in the opposite direction- 
Proceeding in this manner, for each weight, we obtain the 
quantities marked against each brace in Figure 47 ; those written* 
on the left side of the brace denote the strains of compression,, 
and those on the right the strains of extension, which take 
place in the brace when the bridge is uniformly loaded, each 
number being the co-efficient of -f^. sec. 6 ; 6f course, when two* 
opposite pressures would act in a brace, the resulting strain, in 
the brace, is their difibrence; thus in brace 5 jy the strain, for 
a uniform load, is (+ 25 — 16). y\ sec. = J sec. 6, which is -f 
or a compressive strain ; in this way the quantities in column 
second of Table II. are found. But referring again to the- 
brace 5 J^ we see that the tensive forces are produced by the- 
weights 1, 2, 3, and 4 ; consequent!}', if these be removed, the- 
full compressive strain of 25 j^ sec. 6 will act in the brace^ 
which is the maximum strain of compression that can possibly 
be induced in it by any disposition of the weights ; on the 
other hand, if all the weights, excepting those kt 1, 2, 3, and 4,. 
be removed, there will be no compression induced in the brace- 
s'*, and therefore the total tensive strain of 61y^ sec. wilF 
come into play ; and this is the maximum of tensive strain that 
can take place in it ; in this way the third and fifth columns of 
the table are calculated. 

The maximum strains are those we have to attend to in< 
fixing the strengths of the braces and of their joints ; thus, im 
brace w, it is a tensive strain we have chiefly to guard against,, 
whereas the required tensive strength of the brace J is very 
moderate, but it must be capable of withstanding four times *a» 
great a compression. 



12 



FOBUULiB FOB THE HAXIMUM STBAIKS. 



TABLE n. 



1. 


2. 


* 

8. 


4. 


5. 


6. 


Brace. 

i 

e 

, d 

c 

: h 

a 


StrainH when 

allthe 

weights are 

on. 


MaximnmCom- 

pressiyeStrain 

by uneven 

lioading. 


Weights re- 
moved to pro- 
duce the Strains 
in Column 8. 


Maximum Ten- 
sive Strain by 
uneven Load- 
ing. 


Wei«:hts re- 
moved to pro- 
duce the Strain 

in Column i. 




h81 
-63 
-45 
-27 
- 9 


- 


1-81 
-64 
-49 
-86 
-25 


All on. 
1. 

1,2. 
1. 2, 3. 
1, 2, 8, 4. 


Never any. 

— 4 

— 9 

— 16 


All but 1. 
All but 1, 2. 
l',2',8,4',5.4. 
l'.2'.3',4',6. 


t 


— 9 

— 27 

— 45 

— 63 


« . 


hl6 

- 9 

- 4 

- 1 


l',2',3',4',6. 
r,2',8'.4',6,4. 
All but 2, 1. 
All but 1. 


^25 

— 36 

— 49 

— 64 


1,2,8.4. 
1,2,3. 
1,2. 
1. 


The numbers in the Table are the co-efficients of %, sec. 6. 
= ^. sec. G, here, as N = 9. 



From the foregoing and similar data, the following formulae 
.are deduced, the load being applied above : 

The maximum compression of the last brace (1 Q, Figs. 46 



;and 47) is = ^ w. sec. = |. i(?. sec. = ^ sec. 0. 

The maximum tension in m 1, and compression in 2 m, = 
i^' tc?. sec 6. 

The maximum tension in I 2, and compression in 3 Z, = 

i2^*t<7. sec. a 

And putting n to represent the number of the pair of 
braces as counted from the pier, along the lower beam, the 

.general formula will be ci^ w?. sec. d. 

When N is even, the formula for the central pair of braces 
will be (N4)* w. sec. = | z^. sec. = 7 sec- 0. 
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Carrying the calculation beyond the centre, we obtain the 
maxima of the other strains that can act in the braces. 

We see, then, that the extreme braces require to be four 
times as strong agaipst compression as is necessary for the cen- 
tral ones, when N is even, and very nearly four times when N 
is odd and large. And starting with the value y sec. 0, at the 
centre (supposing N even), the tensive strains in the braces 
parallel to «, Figure 46, gradually diminish as they approach 
Q, where they vanish, but increase as they approach P, where 
the last amounts to (N-l)' ~ sec. 6 ; and in these braces the 
compressive strains are also = y. sec. 0, at the centre, but gra- 
dually increase as they approach Q, where they amount to y 
sec. 6y and diminish as they approach P, where the compres- 
sion in the last is only ^ sec. 6. The strains in the braces 
parallel to *, of course, diminish and increase in the opposite 
directions. 

jlV.B. — These imaxima are obtained on the supposition that 
the whole value o{w may be removed from any point, but, as 
the weight of the bridge itself is included in W, and cannot be 
altered in its distribution, the effect of uneven loading, as 
given by the above formulae, will be rather exaggerated, parti- 
cularly towards the centre of the span. 



The maximum strains of the longitudinal beams take place at 
the centres of their lengths, where they amount to* ^' -f = ^.W, 
1) being the depth of the framing. This amount of strain is 
compressive in the upper and tensive in the lower beam. The 
strains diminish towards the ends, and at the last hays they 
amount to (f + -^) w tan. 6 rs: (N-1) w tan. 6 of compres- 
sion in the upper beam, and to ^ tan. 6 of tension in the 
lower, 6 being the inclination of the braces with the vertical. 

And if n' denote the number of the bay, counted from either 

* S = span or lengtli. 
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end, we have the following formulae for the strains in the lon- 
gitudinals (the load being on the upper level, and the terminal 
braces being struts) : 

7tl (N — n^ tan. Q. Wy for the compressions in the upper 
beam ; and 

\n'. (N" — n') — -f + n'} tan. 6, w^ for the tensile strains in 
the lower beam. 

When the load is at the lower level (and the terminal 
braces are struts), the strains will be as above, except that, for 
the lower beam, each will hQ^w tan. 6 less. 

Note. — Taming to Figure 47, we observe that, when the weights are 
placed on the upper beam, the maximum strains producible in any two 
braces which meet at the lower beam have equal vertical elements ; this' 
necessarily results from the lower beam being horizontal ; consequently, in 
the form of bracing shown by Figure 21, the same equality of the vertical 
elements must also exist. 

If the load were placed on the lower beam, the foregoing observation 
would apply to each pair of 'braces which join at the upper beam. The 
formulae, etc., which have been given, are calculated onlthe supposition that 
the load is applied at the upper beam, and they would therefore require to 
be slightly modified to suit the case of a suspended load. 



CHAPTER IV. 

ON THE PRESSURES THAT MAY BE BROUGHT INTO ACTION 

IN CLASS SECOND. 

As a representative of this class, take Figure 49. Here, the 
distance between the points of support being uniform through- 
out the span, the angle 6 for the braces is variable. 

The maximum compression of the extreme braces, a c and 
h Z, takes place when all the weights are on, and, as half W is 
upheld by each, the strain will be = ~ sec. 6. But the next 
braces will not be strained with so great a tension as would 
Jtake place in a bridge of class first with the same depth, en; 
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being relieved from a portion of tlieir duty of imposing the 
whole of (N-l) ^. on the points d and Z, by the inclined action 
of the npper beam. This will be made more evident by the 
following explanation of Figures 50 and 51; in these the 
depths at c, and the values of s, are the same, and also, there- 
fore, 6 for the braces. Let a g represent in each figure tlie 
upward resistance of the pier, = y, then will a o represent the 
compression induced in the brace a c ; resolving a c int6 the 
directions, h c and c d, of the other brace and of the upper 
beam, the tension produced in the brace, J <?, is = <? J in 
Figure 50, but only = c <s in Figure 51. Further, >ve observe 
that the compressions in the upper beams of tlie Figures 50 
and 51 are a h and a e respectively ; the tension of the lower 
beam, beneath <?, is the same in each, and = g c. 

The strains at the centres of the longitudinal beams in 
Figure 49 are the same as for a bridge of class first having the 
same depth as it at the mid-span. Let us compare the strains at 
tlie extremity of the latter, represented by Figure 52, with the 
8:ime of 49, represented by Figure 51. Make a g the same in 
each, and let it represent y, then a c will measure the compres- 
sion in the extreme brace ; that in 52 is the least. The tension 
of the lower beams is measured by ^ c in eacli figure, and is 
greatest in 51. Kesolving a e into the directions g d and h c, cf 
is the resulting compression in the upper beam in each figure, 
and it is evidently the least in 52. The resulting tension in 
the brace cbis represented by e e in each figure ; the compa- 
rative amounts are shown in Figure 51 by c e and g -y, and e e 
diminishes as the angle a g d increases, vanishing as that be- 
comes = 180°. 

The advantages, then, of a design of class second over a 
similar one of class first having the same depth at the mijddle 
may be stated as reducing the strains in all the braces, except 
the extreme one at each end (which is rather more strained, 
becoming, in some degree, a continuation of the upper beam) — 
the central ones, liowever, are little altered — also as reducing 
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the lengths of the braces towards the extremities; and as 
rendering the longitudinal beams more uniformly strained 
throughout their lengths, being equally so with class first at the 
centre, but more so than in it at the extremities. In fact, as will 
afterwards be seen, this class is a step towards some forms of 
class third ; it becomes identical with them when a c, Figure 
49, forms a continuation of the curve of the upper beam (see 
Figures 37 and 38), or wlieii a pressure is applied at c in the 
manner of an abutment, in the direction cd^as indicated by the. 
dotted arrow. (See Figure 35.) 



Though the triangular forms, shown by Figures 33 and 34, 
as stated in chapter second, are not braced, and consequently 
do not demand our attention, yet, on account of their utility 
and the reasons there given, we will introduce them here. 

The weight at point 2, Figure 53, must cause equal strains 
ill la and 3 a, as the angles 1 a 2 and 3 a 2 are equal, and 1 a 
and a c form a straight line ; so that half the weight 2 is trans- 
ferred to point 3, and, along with the weight at 3, is impressed 
on J, the total weight, ^, at i is distributed, so that ^ is car- 
ried to 1, and ^ to point 4 (see note at end of chapter) ; the 
total weight accumulated at point 4 is = 3 ^«?, one w being 
received from each of the points i and dj and this is impressed 
on Cy and thence transmitted, equally, to 1 and 1'. 

Now, the rule, derived from a property of the lever, that a 
weight at 2 is upheld by the piera, 1 and 1', in the proportion 
of 6 to 1, holds good here ; for though in the first effect of 
the weight at a only ^ is carried to pier 1, yet at each succeed- 
ing point another fraction will be transmitted to 1, by the rod c 1, 
until we arrive at the lowest point, c, where the remnant of y/ 
amounting to ^, will be equally divided between 1 and 1', so 

that ^ will be the only portion of the weight, Wy at point 2, 
which the pier 1' can receive. 

After what has been said, little explanation of the Figures 
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« 

55 and 66 will be required. In these, for tlie sake of liaving 
simpler numbers, the length of the side A C is made a multiple 
of the central depth A C. The numbers (co-efficients of w) 
attached to the parts are calculated on the foregoing principles,, 
and give the real strains or values of P, which take place fromi 
a uniform loading. In this form of structure, the maximum' 
strains are produced when all the weights are on. Of course, 
when, to servefor a roof or other purpose, the design is inverted,, 
as Figure 57, the strains, with very trifling and evident excep- 
tions,* are all the same in degree, but of opposite character. 



Note. — In Figure 54, a weight at h, =: w, =: ab, is distri- 
buted thus: It is resolved into b c and b d; and further 
resolving b d into a horizontal and a vertical pressure, 5 aj is the* 
latter, which is, therefore, the portion of %o^ or a 5, that the rod 
b h receives ; and resolving b o similarly, we get ce, = a Xy as* 
the vertical, which represents the portion of w borne by the rod 
b g. The triangle b x dis evidently similar to the triangle a x- 
f, .\bx : X d = ax: xf^ and alternately, bx\ x a= dx : xf.. 
But triangle daf is similar to <7 S A, therefore the lines a a?- 
and b a, drawn from corresponding angles, and at right angles 
with the opposite sides, must divide these sides similarly, there- 
fore d X : xf = g a : ah, and consequently b x : x a = g a : 
a h. The fact that the weight at b is distributed to h and g in< 
the proportion oig a\ ah might have been anticipated from, 
the property of the lever. 

g a \a h = tan g b a\ tan hb a. b d = ^w sec. a b h^ 
And b c =i ^w sec. ab g ; the resulting horizontal pressures- 
are, of course, the same for each direction, and are d x and b e 
— bd.miab h. 



^Arising from the weights being on the slant sides, instead of bein^ 
attaclied to A B, which wonld be the true arrangement in Figare 66 inverted, 
and consequently relieving each perpendicular piece of 1 w. 
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CHAPTER V. 

ON THE PRESSURES THAT MAY BE BROUGHT INTO 

ACTION IN CLASS THIRD. 

We now come to consider the case of a braced flexible arch. 
The form given to the arch should, theoretically, be the curve 
of stability for the fully loaded arch (in the investigations it is 
assumed to be this, so that, in the internally-braced arch, no 
action will be induced in the bracing when all the weights are 
on). This curve, in general, will be found to lie between a 
catenary and a parabola ; but, as the quantity of the curve 
generally used is not great, a circular arc may be adopted, as it 
very nearly coincides for almost 120® with the theoretical 
figure. When an arch of a greater number of degrees is re- 
quired, and the structure is of a light character, it is generally 
advisable to use the parabolic form. But in a "braced arch we 
may depart considerably from the correct curve without much 
tivil ; some of the braces might require to be made stronger, 
and a trifling variation would take place in the strains of some 
of the other parts. 

When the load is uniformly distributed on the arch there 
is no bracing required, and consequently (if the line of pres- 
sures remains in the arch*) there is no action induced in the 
bracing. When the load is suspended from the arch by means 
of the braces, of course there are tensive strains produced in 
them. 

As, in the investigations, the values oiw and « are constant, 
and the weights of the arch and other parts are not considered, 
the curve of equilibrium will be a parabola, or rather will be 
polygonal, having its angles arranged in a parabola. 

^ The curious properties whicli occasion this restriction wiU be found 
mentioned at page 25. 



INTRADOSAL BRACIKG. 19 



THE ARCU WITH INTERNAL BEACINO. 

The following fundamental principle of investigation is 
capable of very general application ; it might have been intro- 
duced in Chapter 111., but the method there adopted is a 
simple one deducible from it for that particular case, viz., 
where the longitudinal members are all horizontal. From a 
law of the lever, we know that the vertical elements of the 
pressures upon the abutments, resulting from a weight, w, 
placed at the point c of Figure 59, must be inversely as the 
horizontal distances of c from them ; here, therefore, the pier P 
will bear .75 w, while the pier Q supports the remaining portion, 
.25 w. The vertical pressure of the weight w at c must be 
resolved into the directions c V and c Q, the portions of the 
bridge, Vh cs and Q,fc t^ acting as instruments for the trans- 
mission of the respective pressures to the piers P and Q; in 
acting as such, let us trace the strains produced in the parts. 
The pressure in c P will be resolved into the directions c h and 
c s, and the vertical elements, or the values of V of these two 
pressures, since they both act downwards, must, added together, 
equal .75 w ; the pressure in cs is at s resolved into pressures 
in 5 P and h s ; that in 5 5 is a tensive strain, and must, since 
« P is horizontal, contain the same vertical element as the pres- 
sure in c s. The resultant of the two strains^ in c h and b s, 
conveyed to h, must have the direction b P, and possess a vertical 
element = .75 ^/ for the resultant of the whole, acting in the 
line c P, passes through P, and as the pressure sT is horizontal 
and passes through P, the remainiog component pressure, b P, 
must also pass through P, and must contain the whole vertical 
element. The pressure b P, is resolved into b a and b r, and 
br is resolved into r P and ar/ the resultant of the compres- 
sion in b a, and the tension in a r, must have the direction 
a P, and contain a value of V = .75 w. The final resultant of 
the pressure in a P, and the horizontal pressures, arising at the 
points a and r, must have the direction c P, and its vertical 
clement = .75 w. Returning to the point o, the pressure in 
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c Q is resolved into tlie directions c d and c t, and since c d 
acts upwards, tlie vertical element oi ot must exceed Y of c d 
by .25 w, as that is the downward vertical element of the resul- 
tant to the pier Q ; the pressure ino tiB resolved into t Q and 
d t. The resultant of the two pressures conveyed to d^ by the 
compression \w c d and the tension in d t, must have the direc- 
tion d Q, and contain a vertical element = .25 w. The resul- 
tant in t? Q is resolved into d e and d u; but we need not 
proceed further in tracing the transmission of the pressures to 
Q; sufficient has been said to explain the principle. We see 
that (when the lower longitudinal member is horizontal) the 
resulfants at the various points of the arch, at either side of the 
Tveight, are directed to the pier or spring of the arch at that 
side ; and all those at one side of the weight have the same 
vertical element or value of V, which is eventually imposed on 
tlie pier at that side. 

We will now give, in considerable detail, the investigation 
of a simple example having five points or weights, shown by 
Figure 58, Let a weight be placed at the point a, and repre- 
sented by the line w a =^ 1; this will be resolved in the direc- 
tions of the piers P and Q, and the amount of the pressures 
produced in these directions will be = a/* and am = ao; the 
vertical elements of these will, as given by the lever rule, be 
= 0.9 and 0.1 or =fn and n m ; the horizontal element or 
value of H is the same for each, and = n a. The resultant a o 
is resolved into a I and a t; a t =a' g into g u and rg ; and so 
on throughout. 

Table III. gives the results for the various parts, from the 
action of one eccentric weight at a. 



TABLE ni. 


• 




Vertical Elements 
or Values of V. 


Real Strains or 

Values of P — 

V sec. •. 


w a =z vertical weight at « 


1.000 
.900 
.100 

.300 
.400 

— .400 
.100 
.050 
.150 

— .150 
.100 
.034 
.066 

.066 
.100 
.075 
.025 

— .025 
.100 

.100 


l.-OOO 

1.260 

.900 

.895 

.583 
.563 
.580 

— .4364 
.333 
.265 
.165 
.125 

— .161 
.216 
.173 
.071 
.055 

— .0726 
.168 
.1455 
.0373 
.036 

— .035 
.140 
.099 
.100 


a f ^ resultant to pier P 


ma= ao = resultant to pier Q 

n a = value of H of each resultant. . 

• 

Pressure in a 5 (measured by a Z) ... . 

** in a ^ (measured \ty at) 

/7 tt, 


** in (7 5. tensive 


Resultant 6 Q 


bG 


h% 


h ^ 


he. 


Resultant c Q 


td. 


ci 


• i w'. 


id 


Resultant d Q 


d e 


dj 


wy.^«.... ...... .......... 

jx 


s 

7 e 


Resultant e Q. 


Q A; ' 


Q V 


^Jr • 


Horizontal thrust ^na = yz = gu-\^hfi-[-iw -{-j a; + Q A;. 
" = 895 = .680 + .125 + .055 + .036 + .099. 

• 



Tables, eimilar to this, being constructed, one for each weight, 

it is easy to discover by what arrangement of the weiglits a 

maximum strain in any part is produced, and the amount of 

that maximum. Thus, taking the brace h A, we.have produced 

in it : 

TABLE IV * 





Real Strains or Values of P. 


Values of V. 


By weight a, . 
•^ 6.. 


.3674 ) 

.2300 >• = — .660 
— .0730 ) 


— .334 ) 

— .300 V = .600 

— .066 ) 



* These values are taken from tables similar to Table III., but it would 
be useless to give them here. The sign.+ indicates a compressive, and — a 
tensive strain. 
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From Tabic IV. it is evident that when the weiii:hts a and 
h alone are on, there is a maxhnum compressian prodnced in 
the brace b h ; and when these are removed, and the other 
weights, c, dj and e, are placed on the arch, a maximum strain 
of ^^n^ioTi takes place of exactly the same amount. When all 
the weights are on (agreeably with a rule previously given, since 
the contour of the arch is such as to render it equilibrated 
under the whole load), the compressive and tensive strains 
neutralize each otlier, and no effect is produced in the brace. 

T/te maximum compression jfor any brace is equal to the 
maximum, tension J^or the same/ hence, calculating the com- 
pression is sufficient, as the result is the measure of the neces- 
sarj' strength to be given to the brace to resist both compression 
and extension. 

At any point of the arch {c, Figure 59) we can easily find, by 
the lever rule, tlie value of V for each resultant from that 
point to one of the piers (Q), caused by each of the weights (^, 
b, a) situated at and to the other side of the point (it is .25, 
.15, and .05); now, the greatest compound resultant that can 
act in the same line, will evidently have the value of V in it 
equal to the sum of the values of V above mentioned (thus, .25 
+ .15 + .05 = .45), and its amount will be V multiplied by 
the secant of its angle with the vertical (P == .45. sec. 6). 
Having thus the compound resultant, in value and direction, 
all we have to do, in order to find the maximum strain (= 1.097) 
in the first brace (ct) from the point, is to resolve it into the 
directions of the chord of the arch (cd) and of the brace. But 
the following formulse offer very ready means of calculating the 
necessary strengths of the braces, as they give at once tho 
value of V for the maximum strain in each. 

The formula for the end pairs of braces (as a ?», r b, and^ Sy 
z i, of Figure 59) is ^. (N-l)= ^. w = Y. 

The general formula, putting n to denote the number of the 
pair as counted from the pier, is 
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The second column of the following table gives the formula 
for each of the first six pairs of any bridge. The last two col- 
umns contain the results for the case of Figure 59, w^herein 
'N = 10. 

The values of V for the braces are not altered by a change 
of the rise or span of the arch, while N and w remain the same ; 
hence having calculated the vertical elements for the given 
value of N (as is done in Figures 60 and 61), it only remains to 
multiply each by the particular value of w. sec. 0, in order to 
obtain the strains, or values of P. 

TABLE V. 



Value of n 

or No. of 

thft Pair of 

Braces. 



1. 



3. 



4. 
5. 

6. 

n. 



Equations for the 

Value of V, a maxlmam 

in the Braces. 



1 (N- 1) 

2N 

2 (N- 2) 

2N 

3 (N-3) 

4 (N-4) 

3N 

3N 

6 (N-6) 
2N 

n (N-n) 



. w 



. w 



,w 



,to 



. ID 



. w 



. w 



Values of V 

when N — 10, 

as in Fig. fi9. 



0.45 10 
• 0.80 w 
1.05 lu 
1.20 w 
1.25 «> 
1.20 w 



Values of P =- V. sec. • 

or Real Strains for Fig. 

59, wherein the Rise to 

Span -=< 1 : 4.75. 



}r b = 

C6 « = 
( « c = 

U t = 
\t d = 

{du = 
\ue = 

i e V = 

\f^ = 
(wgzzz 



0.702 w 
0.496 w 

0.882 w 
0.836 w 

1.097 t^ 
1.085 w 

1.240 lu 
1.235 w 

1,2m w 
1.286 w 

1.235 w 
1.240 w 



Each weight produces compression throughout the arch ; 
therefore the compression will be a maximum when all the 
weights are on. The vertical element of the compression at 
the springing or foot will evidently be the half-load ; and for 
any point, it will be half the load above the level of that point.. 
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• 

Of course, the real compression at any point in the arch is = 
the vertical element multiplied by the secant of 6 there. 

It is scarcely necessar}'^ to mention the well-known fact that 
the horizontal element is, for an equilibrating load, uniform 
throughout ;* and that the horizontal thrust for the wholly 
loaded arch is the measure of the maximum compression of the 
arch at the crown. 

The strain in the lower beam, when it acts as a tie to the 
arch, is greatest when all the weights are on ; the tension is 
then uniform throughout the length, and equal to the horizontal 
thrust of the arch, or to the compression in the arch at the 
crown. 

When the lower beam does not act as a tie f to the arch, 
but simply as an adjunct to the bracing, it undergoes, principally, 
compressive strains, and these are rendered a maximum for one 
half-length of the beam, when the weights above that half are 
removed. Under such a loading, the compressive pressures in 
the lower beam increase as they approach the pier at the un- 
loaded side, where the compression may amount to about one- 
half the value of the horizontal thrust for the wholly loaded 
arch. (See Note.) 

Scholium. — Eeviewing what has been said, we observe that 
in class first the strains in the braces increase towards the 
extremities, and that there, for the same brace, the tensive and 
compressive maxima. are very diflFerent in value ; whereas in the 

*Wheii the load is not an eqmlibrating one, tlie braces come into 
; action, and transmit parts of the horizontal pressures to the piers; but if a 
vertical section be made at any part of the span through the arch, bracing, 
etc., then the sum of the horizontal elements, in the various parts of the sec- 
tion, is a constant quantity for any one loading. From this property, the 
line, which in the subsequent pages is called the line of pressures, has been 
named, by Mr. V^. H. Barlow, the line of equal Tioiizontal tlirust ; it is the 
resultant of all the pressures acting in the structure, with the exception, 
when the arch is a tied one, of the strains occasioned, by the horizontal 
thrust of the arch, in the tie-beam. 

f A tied arch of this form is evidently the extreme of the change of class 
first (Figure 46) into Figure 49 of class second. It might, indeed, without im" 
propriety, have been included as a variety of the latter class. 
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form treated of above (Figures 59, etc.), the central braces are 
those most strained, and every brace has its compressive and 
tensive maxima equal. Now, there is an intermediatfe form 
between these two, and its parts will undergo strains of a 
medium character ; such is Figure 49 of the second class, and 
it is possible so to modify that form as to secure a very equable 
distribution of the strains, both in the braces and in the longi- 
tudinal members. 

Note. — In the foriii Figure 59, with the lower beam not 
acting as a tie — when all the loading is on, the line of 
pressures, of course, corresponds with the line of the arch. 
But when the load is only placed on a space at the crown, the 
line of pressures resulting is shown by the dotted line in Figure 
62. Where the line rises above the arch, the lower beam, im- 
mediately beneath that part, acts negatively or as a tie ; and 
when the line falls within the arch, the lower beam, at that 
part of the span, acts positively, or as a strut, conveying part 
of the compression to the abutment. These observations upon 
the relation between the position of the line of pressures, with 
regard to the arch and the nature of the pressures induced in 
the lower beam, apply universally. Figures 63 and 64 give an 
idea of the positions the line may assume when half the length 
of the arch is loaded. 

THE ARCn Wmi EXTERNAL BRACING. 

In this variety (exemplified by Figure 65), the lino of pres- 
sures for the fully-loaded arch does not necessarily coincide 
with the arch ; for it has been demonstrated by Mr. W. H. 
Barlow (in an excellent and valuable paper read at the I.C.E., 
July, 1847, a report of which is given in the Civil Engineer* 
and Architect 8 Journal^ Vol. X., p. 211) that the real curve of 
action is that which produces the least horizontal thrust — 
namely, that curve (parabola here) which rises to the neighbor- 
hood of the extrados, which is here the upper beam, as shown 
by the dotted line.* 

* The curve or line of pressures may extend beyond the structure when 
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Nevertheless, it will be proper to give sufficient stability to 
the abutments, and strength to the arch and bracing, to with- 
stand the pressures produced when the central line of action 
coincides with the arch, as such a coincidence would take place 
if the upper part, c, should become injured or materially short- 
ened. If the part o become slightly shortened (from the great 
compression), the crown of the line of pressures will descend 
proportionately. 

Unlike the foregoing case of Figure 37, of internal brac- 
ing, the values of V for the braces, when N is given, are not 
constant. 



CHAPTER VI. 

ON THE PRESSURES THAT MAY BE BROUGHT INTO 

ACTION IN CLASS FOURTH. 

The introduction of bracing between the parallel, or nearly 
parallel, flexible arches of this class renders the whole struc- 
ture in its action a single rigid arch.* The dotted line in 
Figure 66 shows, as stated in last chapter, the line of pressures 
(W being all on) as long as the structure remains perfectly 
without change ; but the centre of the upper arch and the ends 
of the lower one, from their compressibility, will become 
somewhat shortened, and from these changes the line of pres- 
sures will sink at the crown, and not descend so far at the 
springings, becoming, in fact, more nearly identical with the 
midway line ; it approaches this as the pressures become more 
nearly equal to the ultimate strength of the compound arch ; 
and if one arch be stronger than the other, the line will lie 
nearer to it, as it recedes from an arch in proportion to the 
compressibleness thereof. 

« 

that is braced ; bat if the parabola rise above .the upper beam, the action 
win partake, in a proportionate degree, of the natare of that of the girder — 
the arch beneath the part being then in a state of tension. 



\ 
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Such are the deductions in theory ; but to ensure these, we 
must Iiave a structure far more perfectly framed than is 
practicable. Let us see what the shortcomings of practice may 
entail. 

If, at the time of the erection of the structure, or from 
after-causes, such as decay or other damage, the abutments, at 
the different footings, be not all applied with the same accu- 
racy, disturbing causes will be introduced ; and when thefaulti- 
ncss of an abutment is so great that the arch there is relieved 
from pressure, it becomes only a part of the bracing of the 
other arch, through the spring of which the line of pressures 
must necessarily then pass. From this it is evidently proper 
that one arch should be made suflSciently strgng to carry the 
whole load, unaided by the other as such. 



CHAPTER VII. 

We will now investigate the effect of inclination, or the value 
of 6 J of the braces, on economy. Let Figures 67 and 68 repre- 
sent two structures, having the same span and depth of framing, 
and loaded to the same amount. Eeferring back to Chapter 
IIL, we find that the strains in, and therefore the necessary 
strengths of, the braces are proportionate to W. see, 6 ; and as 
W is here constant, the requisite strengths are proportionate to 
sec. 6. The length of a brace in each figure, since the depths 
are alike, may be taken to represent sec. 6. Let the values of 
sec. 6 be equal to h and h\ 

The requisite sections * of the braces may be assumed to be 
proportional with the strains, and therefore also with sec. 6, or 

* Of course this is not strictly correct with regard to compressive strains 
(and therefore 9 will be a very little less than deduced). But while the 
number of systems remains the same, the disparity will not be important. 
And in the case of an increase in the number of systems, the more signifi- 
cant error that might take place will be moderated in practice by the braces 
boiDg riveted, bolted, or trenailcd together at the crossings. 
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as h : h\ The total lengtlis of the bracings are evidently as 
16 S ; 8 J'. 

Now, the total weights of tlie bracings are to one another 
in tlie same proportioa as tlie total lengths multiplied by the 
respective sections, or as 16 J x S : 8 J' x S'. = 16 J^ : 8 J'^ = 
weight of bracing of Figure 67 : weight of bracing of Figure 
68. Or, as a general rule, the weight of a bracing is propor- 
tional with 2 N. (sec. 0/, but N. = 2-tMi 9 which is proportion- 
Substituting this for N, we have the weight of 



ate to 



2 tau. «* 



TABLE VI. 



th^ hracings proportionate to ^^^% , which is a minimum wJien 

e = 45°. 

Thougli the minimum of weight of bracing is arrived at 
when 6 is made = 45*^, yet we may vary this angle consider- 
ably without much increase of the weight, as will be seen from 
Table VI. 

But when, with d = 45°, the distances be- 
tween the supported points are very much too 
great, the difficulty is not to be overcome by 
lessening the value of 6, but by means of the 
intermediate props shown in Figure 69, or by 
using two or more systems or ranges of brac- 
ings, as shown in Figures 70, 86, and 87. "We 
need only make this remark, at present, upon 
the theory of systems : that as the value of to 
is reduced as much as the number of systems 
is increased, the total weight of the bracing 
(supposing the section' to represent the 
strength of a brace) remains the same as for a 
single system; but the quantity of workman- 
ship will be much greater. 





Valnes of 


Values 


(Sec. »)• 


oftf. 


tan. $. 


10" 


292.40 


15 


200.00 


20 


155.60 


25 


130.55 


30 


115.50 


35 


106.40 


40 


101.55 


45 


100.00 


50 


101.55 


55 


106.40 


60 


115.50 


65 


130.55 


70 


155.60 


75 


200.00 


80 


292.40 
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But it would be difficult to define the limits of this descfrip- 
tion of bracing. In one direction it includes the simple beam ; 
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in another, the cjlindrical tube, and even hollow spherical forms 
cannot be excepted as varieties of it. Among the more obvious 
cases of its employment, we may mention the feather on a cast- 
ing, the sides of a box, the hull of a ship, and the floor, walls, 
and roof of the majestic tube of Stephenson and his coadjutors. 
It is the bracing employed in nature, and that in all its varieties. 
In the plate and shell form, we. see it in the beak of a bird, in 
the bones of the cranium, and in animals with an external 
skeleton, as the crab, etc. ; as 2, feather strengthening a plate, 
we view it, most conspicuously, in the keel of the breast-bone 
of the falcon tribe, and iii the spine of the scapu^^ of the land 
mammalia ; and in the form of the tube, we witness it univer- 
sally adapted to the wants of the animal and vegetable king- 
doms — the bones of the extremities, the quills of the wing, 
the humbler grasses, and the lofty bamboo, may be cited as 
familiar examples. We shall, however, confine ourselves to 
the consideration of it in its simplest form, and endeavor 
to compare it with the brace or linear method. 

We have observed above that, to derive the plate from 
the linear bracing, the lateral width must shrink into the thick- 
ness of the resulting plate ; consequently, it has jcomparatively 
little lateral stiffness, and would readily warp ot pticJcer wher- 
ever the compressive pressures were considerable ; fortunately, 
however, this can be remedied with a moderate addition of 
material in the form of featherings, and of easy application in 
the case of the material (malleable iron) which would generally 
be employed for this kind of bracing. 

At those parts where the tensive strains considerably pre- 
dominate, we may expect to find the plate stronger than the 
linear form, from the following considerations : Let Figure 71 
represent, a bracing of numerous series, and let a tensive strain 
act in a h. Now the strain is only borne by the parts lying in 
the direction oiah ; but when the. systems become infinite and 
the whole solid, there are, as it were, two plates — one resulting 
from the braces lying in one direction, and the other from those 
in the opposite one ; and each of these plates serves to bear the 
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strain in a h. And, further, the direction of a strain is not 
confined to a particular angle. 

The comparison, then, may be enunciated thus : " The plate 
bracing possesses much greater strength against tensive strains, 
but less against compressions, than the linear. '' And, as a 
corollary, we must infer that, generally, the plate form is better 
suited for shallow than for deep bracings. 

The general distribution of material in the plate bracing 
must be subject to the laws regulating it in the other methods ; 
thus, in the first class, the plate must be made more substantial 
towards the extremities ; and in Figure 37 of the third class, the 
central part must receive the greater share of material. Figures 
72 and 73 give an idea of the strains in class first ; the lines 
show the general action of the pressures, and the degree of 
shade produced is an index to the strength required. But 
these diagrams are, of course, made much simpler than would 
really occur, and they are only adapted to illustrate the action 
of a nniform- loading. In Figure 72, at the pier P, the perpen- 
dicular lines indicate that the pressures impressed at a by the 
lines of suspension, shown in Figure 73, are supported from 
beneath ; but at pier Q these are supposed to be received b}^ a 
higher part of the pier from the edge S, as is done by means of 
the ball-rollers in the Conway and Britannia tubes. 
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COKSTRUCTION. 



CHAPTER L 

THE VARIOUS BRACINGS REQUIRED IN DIFFERENT 

STRUCTURES. 

Besides the longitudinal vertical bracings, upon which 
depends its strength to support the loading, a bridge requires 
other bracings, and to the consideration of these we now proceed . 

Let Figure 74 represent the skeleton of a bridge, composed 
of two vertical frames. That these may act with effect, they 
must be retained in straight lines, but there is the pressure ot 
the wind, etc., tending to bend them laterally ; this, therefore, 
must be sedulously guarded against ; let us add, then, a series 
of horizontal braces arranged between the two upper beams, 
as in Figure 75. The upper beams are now rendered perma- 
nent in their position, and a roadway may be carried along 
them ; the lower beams wull be less steady, they may be 
moved by a lateral blast, but, as they undergo a tensive strain, 
they are in a state of stable equilibrium, and consequently re- 
turn to their places. This wriggling motion would, however, 
very soon injure the structure, by loosening the joints of the 
vertical bracings to the upper beams ; such a design is, there- 
fore, inadmissible for a permanent structure; for such, the 
lower beams must be retained perpendicularly beneath the 
upper ones, which may be eflFected either by the introduction 
of bracing between them, similar to that used for the upper 
ones, or by the application of oblique transverse braces, as 
shown in Figures 76 and 77. The first of these methods will 
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be suflBcieiit, witliont addition, for bridges having moderate 
spans compared with their widths ; while the second may be 
trusted to in any case, but, of course, in it the horizontal brac- 
ing employed in the upper part will require to be of double 
strength, as it must resist the whole pressure of the wind. 
The common practice is to employ both of these methods in 
the same structure, and in long spans, if it do not interfere 
with the roadway. The practice is to be commended. Figure 
77. 

The principal recommendation of the first method, when 
used alone, is that it permits of the roadway being placed at 
the level of the lower beams, which is of the ntmost importance 
in situations where the bridge spans over roads or navigable 
waters, and sufficient height could not otherwise be given for 
the passage of carriages or shipping beneath. Further, it re- 
quires little expense for parapets, and oflfers great facilities 
for the addition of a roof, or even of a second roadway, 
along the upper beams. But particular attention must be paid 
to carrying up the abutments, so that they may oiFer suffi- 
cient resistance to the outsides of the upper beams. 

In the design. Figure 38, when the rise of the arch 'is very 
small and the span moderate, and when the arches have a 
considerable width of section (which may be conveniently 
given to them, if tuilt up with deals, or constructed as tubes 
with wrought iron, as Figures 80 and 144), then a single series 
of horizontal braces along the lower part may be sufficient, 
and the roadway may be on that level. (This also applies to 
class first when the depth of the framing is small.) But when 
the structure does not comply with the above conditions, it will 
be necessary to have a series of braces between the arches also ; 
for, as they are in a highly compressed state, a very moderate 
deviation from a horizontally straight line might bring about 
their rupture. But horizontal bracing being introduced be- 
tween the arches, the road cannot be carried along the chord 
level ; it must be raised to the level of the crown of the arch,* 

* Unless some new arrangement be made in the design^ as in the follow* 
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and the design thenvbecomes that of Figure 37, and the road- 
way will also require bracing. 

Most of the other structures of class third will be secure 
with two lines of horizontal bracings, and of these Figures 
35 and 42 admit the roadway at the lower level. But when 
Figures 36 and 41 are of considerable span, it will be prudent 
to bestow three series on them. 

In structures belonging to class fourth, each arch will 
require to be braced horizontally, and, generally, the roadway 
also. 

PLATE-BBACING. 

The forms of bridges to which the plate-bracing is more 
especially adapted are the tubular and the segmental. 
Figures 29, 35, 38, etc. 

In the first, there is this important source of economy, 
that each side of the tube is useful in two capacities — firet, as 
the bracing against pressures acting in its plane ; and, second, 
as a longitudinal member against pressures acting at right 
angles to its face. In the form. Figure 35, the strainfl in the 
plate are more uniform throughout. 

In the tubular form, let us consider, for an instant, the 
action under a load, confining ourselves, for the present, to 

ing structures. Figures 78 and 79, which are examples of the use of plate- 
bracing, may be used when the rise is not great. 

Figure 81 is an arrangement suitable for linear bracings, and there is less 
waste in it than would at first sight appear. The inside arches are kept 
perpendicularly over their chords by the transverse bracing, which occupies 
the central compartment throughout the whole length of the biidge ; and 
cross connecting pieces or braces, throughout as great a length at the crowns 
as can be permitted, retain the outer arches parallel with the inner ones. 
In this design the rise must necessarily be considerable. 

Figures 82, 83, and 84 show varieties of another arrangement ; it is a 
compound of the first and third classes. The arch has the roadway sus- 
pended from it by iron rods, and, in 84, it is stiffened by separate braced 
frames, placed ond^on either side of it ; bolts are passed through the whole 
wherever the arch crosses a part of the frames ; the rise is made sufficient 
for the roadway to pass beneath the horizontal bracing between the upper 
beams. 
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. the consideration of the bottom plate ; tLis is stretched, but 
it will evidently be more so immediately below the vertical 
bracings, and rupture thereof would commence by the tear- 
ing of the edges. The same quantity of material collected 
into tie-beams, and attachedv.to the bottoms of the vertical 
bracings, would offer a greater resistance ; but then, on the 
other hand, an additional horizontal bi'acing would become 
necessary. Similar reasoning applies, and with greater force, 
to the top plate ; and on the determination of which of these 
arrangements is the most economical depends, in a great 
measure, the question of the respective merits, for this case, 
of the plate and linear bracings when constructed of wrought 
iron; for other materials the plate form of bracing is not 
suited."* 

The want of uniformity between the strains at the edges 
and those at the middle line of the plate, when it acts as a 
longitudinal member, may be obviated by giving it a slight 
convexity outwards, as in Figure 85. This may be done to 
the top and bottom plates, as, though it weakens them as 
bracings, sufficient strength, as such, will remain to counter- 
act any lateral disturbing influences. But this must be 
looked upon rather as a refinement in theory than a practical 
improvement. 

In the form of Figure 38, the plate-bracing may be mo-dified 
so as to give lateral stability to the arch ; this is shown more 
particularly in the design Figure 78, wherein the plate is 
double. The deep featherings in Figure 79 are designed to 
effect the same object. • 

The featherings alluded to at page — may be arranged 
on two plans : first, in perpendicular pieces, as in the Britannia 
tubes ; and, second, radiating from each pier, as do the lines of 



* Cast-iron may, indeed, be used for plate-bracing, and, since tliat form 
of bracing demands comparatively little tensive strength in the material, 
probably with good effect, at least where heaviness would not be a defect. 
Considerable skill must, however, be exercised when the bracing is com- 
posed of manf parts. 
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compression in Figure 72; in this last arrangement they 
require to be of larger section to be equally eflfectivej but, 
besides stiifening the plate, they carry a portion of the com- 
pressions to the piers. Perhaps, from various considerations, 
a combination of the two plans would be tlie best, the feather- 
ings being applied in the one manner to the inside, and in 
the other way to the outside of the plate. 



CHAPTER II. 

ON THE CONSTRUCTION AND APPLICATION OF THE BRACES. 

.When the bracing is polj'-systemed, the braces may be 
arranged on different plans; thus: All the braces of the 
same system, as shown by Figure 86, may be in the same plane, 
and the systems so near that the bi'aces touch, notch, or 
halve into one another at the crossings. Or, as seen in 
Figure 87, all the braces lying in the same direction may be 
in the same plane, and those inclined the contrary way in an 
adjacent plane.* 

lu designing the joints of the braces, the following observa- 
tion on the action of the bracing is of such great importance 
that, though indicated in the previous part, we again place it 
before the reader. That part of a pressure, in a brace, which 
is resolvable at right angles to the longitudinal member is, 
when that member is straight, wholly transferred to the other 
brace ; and when the longitudinal beam is curved, the part 
transterred is slightly diminished or increased, according as 
the curvature is concave or convex towards the braces, when 
the longitudinal is compressed ; and when it is stretched, 
the reverse is the case. And the only pressure resulting in 
th^longitudinal is in the direction of its length. 

* Or, as a variety of tliis second arrangement, suitable ^o a very broad 
loagitudinal member, there may be several layers of parallel braces, inclined 
alternately in opposite directions. v 
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1. Those requiring little or no iron, — Braces of this 
<'liaracter would generally be used in those situations only 
uhere iron-work might be difficult to procure. The simplest 
kind of jointing for them is that by means of trenails, as in 
Figure 88j or by dovetail notching, as in Figures 89 and 90. 
These methods are very suitable when the braces are thin 
or plank-shaped, as in Town's Lattice Bridge. But when a 
brace is liable to undergo great compression, its section 
should be nearly square or circular. For braces of a stouter 
character, the Figures 92 to 95 illustrate methods of jointing 
adapted to a longitudinal member constructed in a similar 
way to that shown by Figure 95. Modifications of these 
joints might be easily constructed, capable of correcting the 
length of the brace ; but such a property is unnecessaiT, as 
there is no difficulty in the way of pi-eparing the braces with 
the requisite accuracy. 

2. Those jointed with iron. — The most appropriate way of 
applying wrought iron is in the form of straps, of which several 
varieties are shown by Figures 96 to 101. But generally the 
method illustrated by the succeeding Figures 102 to 117, ot 
jointing the braces by means of cast-iron sockets, is recom- 
mended by the author. These sockets are of two kinds ; the 
first, including Figures 102 to 109, requires the end of the 
brace to be of a dovetail shape; the second, shown by 
Figures 110 to 117, to be square-headed. The first is best 
suited to braces formed of a w^ood that is easily split, the second 
for those of a tougher material. 

The disadvantages attending the braces with the dovetail 
joints are, that they require stronger sockets, in order to resist 
their wedge-action ; and that they might be sensibly lengthened 
by the compressibility of the dovetails allowing the ends to 
draw a little, unless they be wedged very tightly in, \fhich 
would increase the former evil. 

The only remark, since the subject is so fully illustrated by 
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figures, that it is necessary to make upon the construction of 
the square-headed braces is this : If the joint were formed as in 
Figure 116, there would be great danger of the piece a being 
wrenched off by any slight wriggling motion that might take 
place in the brace before the structure was perfected; it. is 
therefore constructed, as shown by Figure 117> so that there is 
no angle at J, which, by acting as the tooth of a crowbar, could 
split off the piece a / but the slant oih c must be slight, otlier- 
wise there would be the wedge-action objected to above. 

Figures 109, 114, and 115 are forms of double sockets for 
the case, mentioned in the beginning of the chapter, of the 
bmcesof the same system being arranged in two planes; see 
Figure 87. And Figures 102 to 106, and 110 to 112, are forms 
of single sockets, which may sometimes be found useful in 
transverse and other bracings. The other forms are for the case 
of the braces of one system being all in the same plane, as 
seen in 86. 

The braces are retained in the sockets by short screw-bolts, 
either with or without covers. 

The head of the brace and the inside of the socket should 
be coated with some preservative substance, such as a heated 
mixture of tar and pitch. 

One great advantage attending the use of the socket-joint, 
and also participated in by most of the previous forms, is 
that if a brace becomes injured by decay or accident, it can 
readily be removed and replaced by a sound one. 

The' designs given are calculated for braces of moderate 
dimensions. 

IRON BBACES. 

To braces of iron the forms that may be given are very 
numerous; but if we exclude those which do not admit of 
being individually removed, the number will be very consid- 
erably reduced ; and the best forms of sockets, such as Figures^ 
118 and 119, are liable to this objection. 
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1. Castriroji braces may liave various forms of section, 
either feathered or tubular ; but those of the latter kind are not 
removable. The design 124: is an excellent one ; it possesses 
every desirable property, especially that of the pair of braces 
interchanging their pressures without the intervention of the 
longitudinal, the advantages of which were pointed at in the 

^second paragraph of this chapter. But it cannot, without 
modilication, be applied to a longitudinal member of the tubu- 
lar class, as the bolts must not be inserted from the inside of 
the tiibe, for, should one break, it could not be easily replaced. 

When tubular forms of the longitudinals are used, whether 
of cast or wrought iron, they must be furnished with sufficient 
featherings, single or double, to which the bracings are to be 
attached ; the featherings may be placed either longitudinally 
or transversely. 

Figures 125 and 126 show modifications of Figure 124 
when it is connected with a tjibe. But when braces are ap- 
plied to the sides of a longitudinal feather, the designs shown 
by Figures 132 and 134, which are suitable for the arrange- 
ment shown in Figure 87 of a poly-systemed bracing, possess 
considerable advantages. 

2. Wrcntghtiron braces may be of round or rectangular 
section, or rolled with a section possessing greater strength 
against compression, or they maybe constructed of thin plates, 
strengthened by angle iron, or by being formed into pipes. 
Braces with solid ends may be jointed, as shown in Figures 
131 to 134, for cast ones; but those with thin and broad ends 
will be most effectively joined to the main beams by being 
riveted to a projecting feather thereon (Figures 135 and 136). 

On the subject of the respective merits of cast and wrought 
iron as the material of the bracing, the only general remark we 
shall make is that for very long braces the former, and for very 
short ones the latter, kind of iron is to be preferred.* 

! * W^rouglit iron may, however, bo very properly employed for great 
lengths, if formed into tubes, or otherwise braced, especiaUy when light- 
ness is a consideration. 
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CHAPTER III. 

ON THE CONSTRUCTION OP OTHER PARTS OP BRIDGES. 

As the contents of this chapter are in a great measure 
eiipererogatory, the ineagreness of the account of ,sueli im- 
portant subjects needs no apology. 

WOODEN 8TEUCTUEE8, 

The longitudinal members. — ^When these are too long or 
too much curved to be formed of one piece, the best construc- 
tion is to build them up with planks, using comparatively thin 
ones when the part is to act as a tie or is an arch of moderate 
radius, and tliieker planks or deals when the part is straight 
and only subject to compression. In the latter case, care must 
be taken to bring the butting ends into forcible contact ; in- 
deed, it might even be advisable to place in the joints thin 
wedges of hard wood or iron, which could, when needful, be 
tightened up to the proper degree. But in arches formed ot 
thin planks, if care be taken in the construction, the wedges 
may be dispensed with; tlie purpose will be effected, in 
a great measure, by the great friction, and this may be further 
increased by coating the planks with a hot mixture of pit^h 
and tar, or by placing in all the joints a layer of strong brown 
paper dipped in boiling tar (as used by Messrs. J.''& B. Green 
in their laminated timber arches); but the most important 
benefit arising from this treatment is its preservative effect by 
tlie exclusion of moisture.* The friction here mentioned is 
also of great importance from its stiffening effect, refidering the 
arch, when sufficient, equivalent to one of whole timber ; it 
primarily depends upon the compression induced by the screw- 
bolts, straps, etc., that act upon the arch in the direction of its 
radius ; these, therefore, should be numerous and well tight- 
ened up. When brace-sockets are employed, the bolts connect- 

« 

* Or, the planka being dressed with tlie plaae, wliite-lead paint maj be 
Qfled^ as in building large masts. 
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ing them with the arch contribute to this end, and, of coarse, 
effect a corresponding saving; these bolts, with the addition of 
. screw-bolts, such as shown in Figures 138 to 140, would con- 
stitute a good arrangement, Trenailing forms a cheap addi- 
. tional means of stiffening the arch, but renders tlie removal of 
a plank, in the event of its becoming decayed, an almost im- 
possible operation. 

Figures 141 and 142 show an American method of drawing 
the plants together ; by the use of these dovetail-gibs and 
wedges and trenails, a stout arch may be formed without the 
aid of iron. 

For the case of Figure 38, the arch should have a broad 
section, and then it might be expedient to use more than one 
sy&tem of braces ; a section of such an arrangement as is meant 
is shown by Figure 144 (see also foot-note, page 35). 

The sPBrnama of a iied arch is a part that demands great at- 
tention. The most perfect arrangement is that which distri- 
butes the thrust of the arch equally over the section of the tie. 
Hence the method of Figure 146 is perhaps the best for an 
arch and tie of the nature shown ; each of the iron steps is fixed 
to its plank of the tie by numerous screw-nails. Figures 148 
and 149 are methods for the case of a laminated arch with a 
tie beam of a broad and thin section. 

IRON STRUCTURES. 

The lower beam should be constructed of wrought iron ; the 
upper one may be of either kind, and, generally speaking, the 
tubular will be the best form that can be given to it, for which 
form wrought iron, as a material, is perhaps the more prefer- 
able ; but is the more difficult of the two to manage when the 
member is of the arched form, as the whole must be put to- 
gether on the ground and thence raised with powerful tackle, 
or the riveting mus{ be performed, with great inconvenience, 
on the centring. 

The springing of a tied wrought-iron arch may be formed, 
as shown in Figure 150, by surrounding the end with strong 



THE FIRST CLASS. 41 

angle-iron, which is then riveted to the flat end of the tie ; or 
by inserting the foot of the arch into a cast-iron socket, as is 
done with the wooden one in Figure 148. A cast-iron arch 
may have its terminal pieces formed, as in Figure 151, with 
solid expanded soles, bolted down to the tie. 

For untied arches a common cast-iron socket, with its bear- 
ing against the abutment expanded and normal to the arch, 
will generally be sufficient. 



CHAPTER IV. 

SUPPLEMENTARY. 

It is not here intended to institute a comparison of the 
merits of the various designs, as that would demand a very 
large space, depending so much, as the excellence 'of a structure 
does, upon its adaptation to the particular combination of the 
requirements and circumstances of situation in which it may 
be assumed to be placed ; such an extended enquiry would be 
more appropriate to a treatise on bridges. But we shall reca- 
pitulate a little, and add anything that may suggest itself as 
closely connected with the subject of the work, but which came 
not conveniently under any of the foregoing heads. 



Though the first class may be surpassed in strength by those 
wherein the arch is used, it possesses many advantages in other 
respects ; foremost of these is its simplicity, offering easy con- 
struction ; there is great uniformity of parts, which, especially 
when cast iron is employed, may be a source of economy ; it 
admits of a roadway at either level, without interfering with the 
horizontal bracings, of which only two series are necessary ; it 
exerts no horizontal thmst ; and, as practised by Mr. Stephen- 
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son, with the tubular bridges, it may be put together at some 
conveliient spot, and thence removed in a nearly complete state 
to its permanent site ; or, if erected there, only a very simple 
and inexpensive scaffolding will be necessary. 

The form, of which Figure 152 is a transverse section, may 
be considered as a variety of the first class ; in it the main 
braces require to be longer; the horizontal braces are also 
necessarily longer, but this renders them more powerful ; its 
advantages are, that by concentrating the upper beams into 
one, their joint strength against compression will be in- 
creased ; that one series of horizontal braces is suflScient ; 
and that it may be roofed in at very little expense. 

Speaking generally, the interaally-braced arches are su- 
perior in strength to those with external bracing; the ad- 
vantage attends the deepening of the bracing towards the 
mid-span. 

When a structure of class fourth has the arches parallel, 
it niay possess the recommendation, when cast iron is em- 
ployed for thb bracing, of uniformity of the castings. 

The method of connecting the braces to the main beams 
by means of trenailing may appear very rude, but it is ca- 
pable of producing considei'able strength ; and, as it may in 
some situations be a convenient one, the reader is referred, . 
if unacquainted with better data, to a table of the strengths 
of trenails, given in the last edition of the " Encyclopaedia Bri- 
tannica," art. " Shipbuilding." 

"We are not aware of any satisfactory experiments having 
been made to determine that strength of timber which arises 
from the resistance to severance by the sliding longitudi- 
nally of a part of the material, upon which primarily depends 
the strength of the socketed wooden braces Against a tensive 
strain. This strength or resistance to severance will be in- 
creased in the dovetail form by the lateral* compression, but 
it may be lessened in the square-headed variety, if care be 
not taken to obviate any splitting action — ^that is, any force 
acting so as to wrench the fibres separate. 
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The following observations are made in order to show the 
applicability of the formulae to the forms of bracing seen in 
Figures 15, 16 or 17, and 18 : In Figure 15, if a weight be 
placed at c, the portion of it which must be imposed on the 
pier to the left side will not influence c 5 or S a, as 5 a cannot 
act the part of a tie. It is therefore conveyed hy cd, d a, etc.; 
and through these parts would, in like manner, pass the 
strains arising from all the weights placed to the right of c-j 
which would ultimately arrive at the pier to the left side. 
When all such weights are alone on, the strains in c d and d a 
are maxima. A similar course would bo pursued by the strains 
in the bracing of Figure 21. The effect of the portion of the 
weight at c, which is to be supported by the pier to the right, 
must flow through the strut, and not through ch: Thus it is 
readily seen by what loading the strain in a part is rendered a 
maximum, and also the formula by which its amount will be 
given, after substituting the proper values for the symbols. 

The bracing must be continued throughout the length of the 
structure. This will be clearly seen by inspecting Figures 153 
and 154, which show changes that may take place when only a 
part is braced. 

An arch may be employed without having the bracing ar- 
ranged along its intrados or extrados ; it may be stiffened by 
being connected with a braced structure of class first. Figures 
82, 83, 84, 155, and 156 are illustrative of this compound ar- 
rangement. In the arch, the radius of curvature may be made 
to diminish more rapidly in approaching the crown than if the 
curve were a parabola, as it is principally required to aid the 
class-first portion at the mid-span. The maximum strains in 
the parts of the class-first portion will be very much reduced 
by the addition of the arch. Figure 156 is a good design for 
very large stmctures, as it permits of the roadway being at the 
lower level, and as then the horizontal bracing between the 
upper beams would be sufficiently high ; the arch and each of 
the straight longitudinals will require horizontal bracing. 

In class first a saving of half, the scantling at the centre of 
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the main beams might be effected, if a pressure of exactly J^. 
were made to act tensively at each end of the tipper beam, and 
compressively at the ends of the lower one ; for then one-half 
of the load would be borne up on the principle of the girder 
supported at both ends, while the other half would be upheld 
on the principle of a projecting beam fixed at one end and 
unsupported at the other. The strains in the longitudinals 
would be subject to a peculiar arrangement. Their maxima 
would occur at the nfid-span and at the extremities, and would 
be = J^, or half what would otherwise take place at the 
centres, and the strains at the extremities would be tensive 
should that at the centre be compressive, and vice versa; and 
at the points midway between the mid-span and the extremi- 
ties, where the strains change their character, the longitudinals 
would of course be free from all action. Advantage is taken, 
to some extent, of this compound action in the Britannia 
Bridge, by the method pursued in uniting the tubes over the 
central pier or tower. 

The following observations are an extension of a principle 
employed in the latter part of Chapter V., Part First. Let 
Figure 64J represent a portion of a voussoired arch ; now, it 
the line of pressures, from jiot being capable of conforming to 
the curve of the arch, rise above it at a, as shown by the dot- 
ted line, the joint ab will open at 5. But let us suppose the 
joint at b to become solid, or that it is made good there by 
means of bolting, the line may then rise above a or any joint 
sufficiently united at its lower point ; and might also sink be- 
low a part of the arch, were the upper points of the joints 
tied. This is the transition condition between an arch and a 
girder action ; it is that in which a cast-iron (or other continu- 
ous rigid) arch may be placed by an uneven loading too severe 
lor its depth of section. "When strengthened by bracing, the 
joints cannot open, as the voussoirs are then prevented chang- 
ing their proper radial directions. 

The strains in the several parts of Figure 31 will be exact- 
ly the same in amount, but of opposite character, with those in 
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tlie corresponding parts of Figure 38. And generally, wliat- 
ever has been said with regard to the comportment of the line 
o( pressures in the braced erect arch applies, in a reversed 
state, to the curve or line of tensions in the braced inverted 
arcli, or rigid suspension bridge. 

And here the writer would almost be induced to speculate 
upon the possible extent to which bracing might be employed, 
imagining structures wherein each brace would offer in itself 
no contemptible example of braced construction ; but lie re- 
strains himself, deeming the opportunity objectionable for such 
siiggestions. . 



; 



APPENDIX. 



When the printer had made considerable progress, and 
consequently when it wonld have been very inconvenient to 
notice it at the proper places, I observed, at page 391 of the 
CivU Engineer and Architects^ Journal for December, 
1850, an account of the failure of a girder bridge in which 
the triangular method of bracing was employed. I was not 
previously aware of a patent having been granted for any 
structure employing the method, however imperfectly. 

The instance of failure of the structure of which I speak 
oflfers an opportunity of employing the results obtained in 
Chapter III., Part First. I will, however, merely outline the 
application, as it is a very simple matter : The hraces, on ap- 
proaching the piers, ought to increase in strength, as seen in 
Figure 4:7. In that figure, 1 m will represent the fractured 
, brace ; it had to undergo a very great tensive strain, but was 
made of cast iron of no greater section than the central braces ; 
it — and we cannot wonder at it — broke. The great virtual 
loading impressed on the point 2 by the brace I 2 being thus 
left to be upheld by the transverse strength of the upper longi- 
tudinal part, that part became fractured near the said point. 
The remaining fracture probably resulted from the direct 
action of the load on the portion left projecting. It is not 
stated that any further breakage took place ; if none did, the 
circumstance may be explained by the peculiar construction of 
the " girder." The lower longitudinal part, which was com- 
posed of wrought-iron chain-work, though it could not give 
aid in supporting the point 7m, while it continued quite hori- 
zontal, offered, after the failure, sufficient to uphold the wreck ; 
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and the terminal braces of what remained as a "girder" 
proved sufficient for the diminished load and span. 

The writer of the article suggests that the accident would 
have been averted, if the lower longitudinal part had been of 
cast iron, and all cast in one piece. The longitudinals require 
very great strength at the mid-span ; consequently, if of cast 
iron, the lower one would demand a very large section there 
to resist the great tensive strain. But let it not be supposed 
that I approve of the mixture of cast and wrought iron as 
managed here. The danger of the combination lies ^in this: 
that the elasticity of the wrought-iron tie may be so great as 
to allow the points (say ^ and ^, Figure 47) of the braced ele- 
ments to separate further than the elasticity of the upper cast- 
iron longitudinal cafi permit without fracture (at point 4). 
If, however, the upper longitudinal member be jointed at each 
of the points, 2, 3, 4, 5, etc., the latter danger will be provided 
against. 
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water-wheel of about two hundred and thirty horse-power. 

Pabt n. includes seventy^bur experiments made for the purpose of deter- 
mining the form of the formula for oompoting the flow ci water over weirs; 
nine experiments on the effect of back-water on the flow over weirs; eighty- 
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Lawrence, Massachusetts; twenty-one experiments on the effect of observing 
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g^ugfing streams of water in open canals, with tables for facilitating the same ; 
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merged orifices and diverging tubes, the whole being fully illustrated by 
twenty-three double plates engpraved on copper. 
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ed as indispensable by all who are interested in a knowledge of the construc- 
tion of railroads and rolling stock, or the working of looomotives.''— /S0»d7il(/Is 
Jhntriceitu 
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Henricfs Skeleton Stmctt^cea. 



f* 



Svo. Cloth, laoa ' 

SKELETON STEUCTUEES, especially in their Application to 
the building of Steel and Iron Bridges^ By OiAtrs Henbici. 
With folding plates and diagrams. 

By presenting these gttierai crxaaiinatioiis <hi Skelsion SInictnxes, witk 
particular application for Suspended Bridges, to Eng^eers, I renture to ex- 
press the hope that they will receive these theoretical results with some confi- 
dence, even althoug'h an oftportonity is wanting to oompare tbom wil^ praoti- 
cal results. 0. H. 



Useful Information for Railway Men. 

Poofcetlonn. 3iocoooo, gilt, tdJOQ. 

Compiled by W. G. Hamilton, Engineer. Fifth editioot zeyised 
and enlarged. 570 pages. 

" It embodies many Tttlusble formnlte and recipes useful for ittilway men, 
and, indeed, for almost every class of persons in the world. The ' informa- 
tion' comprises some valuable formulae and rules for the construction of 
boilers and engines, masonrj, properties of steel and ixon, and 610 atMogth 
of materials generaJUy."— .Au^fvacJ GaaeUey Chieago, ' 



Brooklyn Water Works. 

1 vol. folio. Cloth. laO.OO. 

A DESCRIPTIVE ACCOUNT OF THE CONSTEUCHON OF 
THE W0EK8, and also Reports on the Brooklyn, Hartford, 
Belleville, and Cambridge Pumping Engines. Prepared and 
printed by order of the Board of Water Commissioners. With 
59 illustrations. 

4 

GoKTSNTS. — Supply Fonda — ^The Conduit —Bidgewood Engine House and 
Pump Well — ^Bidgewood Engines — ^Force Maing — ^Eidgewood Beaervoir— 
Pipe Distribution — ^Monnt Prospect Beservoir — ^Mount Prospect Engine 
House and Engine — ^Drainage Grounds — Sewerage Works — ^Appendix* 



Kirkwood on Filtration. 

4to. Cloth. $15.00. 

EBPORT ON THE FILTRATION OF RIVER WATERS, for 
the Supply of Cities^ as practised in Europe, made to the Board 
of Water. Commissioners of the City of St. Louis. By James P. 
KiiticwooD. Illustrated by 30 double^plate engravings. 

Contents. — ^Report on Filtration — London Works, General— Chelsea 
Waterworks and PHtera — Laml^th Water Workt^ndxFiUeift^-Southwark 
and VauxhaU Water Works and Filters — Grand Junction Water Works and 
Filters— West Middlesex Water Works and Filters— New River Water 
Works and Filters — East London Water Works and Filters-.-Lei<jeater Water 
Works and Filters — York Water Works and Filters — Liverpool Water Works 
and Filters— Edinburgli Water Works and IHlters— Dublin Water Works 
and Filters — Perth Water Works and Filtering Gallory^-^Berlin Water 
Works and Filters — Hamburg Water Works and Reservoirs — ^Altona Water 
Works and Filters — ^Tours Water Works and Filtering Canlal — Angers Water 
Works and Filtering Galleries — Nantes Water Works and Filters — Lyons 
Water Works and Filtering Gulleries — ^Toulouse Water Works and Filtering 
Gkblleries — Marseilles Water Works and Filters — Grenoa Water Worts and 
Filtering GkJleries — Leghorn Water Works and CSstems — Wakefield Water 
Works and Filters — ^Appendix. 



Tunner on RoU-Turliing. 

1 voL 8vo. and' 1 vbL plates. $10.00. 

A TREATISE ON ROLL-TURNING FOR THE MANUFAC- 
TURE OF IRON. By Peter Ttjnner. Translated and adapted. 
By John B. Peakse, of the Pennsylvania Steel Works. With, 
numerous wood-cuts, 8vo., together with a folio atlas of 10 litho- 
graphed plates of Rolls, Measurements, &o. 

'* We oommend this book as a dear, elaborate, and praotical treatise upon 
the department of iron manufaoturing operations to which it is devoted. 
The writer states in his prel^tce, that for twenty-five years he has felt the 
neoeasity of suoh a work, and has evidently brought to its preparation the 
fruits of experience, a painstaking regard for accuracy of statement, and a 
desire to furnish information in a style readily understood. The book should 
be in the hands of every one interested, either in the general practice of 
meehaninal engineering, or the special branch of manufacturing operations to 
whieh the work relates." — Ameriean Artisan, 
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Glynn on the Power of Water. 

Itoo. Cloth. ttOO. 

A TRBATISE ON THE POWEB OF WATER, as applied to 
drive Flour. MUlfl^ «&d to give motion to Turbineg and other 
Hydrostatic Engines. By Josbps GLTinr, F.B. S. Third edition, 
revised and enlarged, with numerous iUufitratioxifi. 



Hewson on Embankments. 

8vo. Cloth. $2.00. 

PBINOIPLBS AND PBACTICE OF EMBANKING LANDS 
firom Elver Floods, as applied to the Levees of the MississippL 
By WiixiAK HswsoK, Civil Engineer. 

'' This is a yaluable treatise on the pri&oiples aad praotioe of emhankiiig 
lands from river floods, as ivpplied to the Lerees of the Slossissippi, by a highly 
intelligent and experienced engineer. The author says it is a first attempt 
to reduce to order and to rule the design, execution, iiad measurement of tho 
Leyees of the Mississippi. It is a most useful and needed OQutributioa to 
scientific literatnre. — Philadelphia Evening Jov/maL 



Griiner on St^eL 

8yo. Cloth. $8.50. 

THE MANUFAOTUBE OF STEEL. By M, L Gbiote, transp- 
lated from li!be French. By Lenoz Smith, A. M., E. M., with an 
appendix on the Bessemer Process in the United States, by the 
translator. Illustrated by lithographed drawings and wood-outs. 

<' The purpose of the work is to present a careful, elaborate, and at the 
same time practical examination into the physical properties of steel, as well 
as a description of the new processes and mechanical appliances for its manofac" 
ture. The information which it contains, gathered from niaay trustworthy 
sources, will be found of much value to the Americen steel manufacturer, 
who may thus acquaint himself with the results of careful and elaborate ex* 
periments in other countries, and better prepare himself for suoceafiful com- 
petition in this important industry with foreign makers. The fact that this 
volume is from the pen of one of the ablest metaUurgists of the present day» 
cannot fail, we think, to secure for it a favorable oonsideratioiL — Iron Ag0, 
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Bauermazi on IroiL 

12mo. Qoeh. V^' 

TREATISE ON THE ICETALLUBGY OF IRON. Contain- 
ing outlines of the Historj of Iron Manidwcture, methods of 
Assay, and analysis of Iron Ores, processes of manufacture of 
Iron and Steely etc., etc. By H. Bauebmait. Pirst American 
edition. Revised and enlajged, with an appendix on the Martin 
Process for making Steel, from the report of Abram S. Hewitt. 
BluBtrated with numerous wood engravings. 



M Has iff AH important additioii to tha stock of teobnioal works pttUisIied in 
thia eouxLtry* It enbodies the latest faota^ diaMvexiASi aad prooamis oon- 
nected with the mannf ooture of iron and steel, and should be in the hands of 
erery person interested in the subjeot^ as well as in all tedhnioal and aoieatiflc 
libranM.'^-^SWMAjl^ Amsrican, 



T' 7T>Tr and Valve Motions, by W. S. 

Auchincloss. 

8yo. caoth. la.oa 

APPLICATION OP THE SLIDE VALVE and Link Motion to 
Stadonacj, Poxtable, Looomotive and Marine "Rnginais with, new 
and simple methods for proportioning the parts. By Wiluax 
S. AtrcHiNci.oss, Civil and Mechanical Engineer. Designed as 
a hand-book for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. All dimen- 
sions of the valve axe found with the greatest ease bj means of 
a Printed Scale, and proportions of the link determined loithout 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
lithogpraphio plates, together with a copperplate engraving of the 
Travel Scale. 

AH the matters we have mentioned are treated with a clearness and absence 
of unnecessary yerbiage which renders the work a peculiarly yaloable one. 
The Travel Scale only req^nires to be known to be appreciated. Mr. A. writes 
so ably oiv hia ffi^Mi« we wiah he had writtm totan* Ltmdon Bhif 

We have nerer opened a work relating to steam which seemed to us better 
oalonlated to give an intelligent mind a dear understanding of the depart- 
ment it discusses, — Seieniific Amaridan, 
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Slide Valve by Eccentrics, by Prof. 

O. W. MaoGord. 

4ta JUvrtrtted. Cloth, H(X>. 

A PRAOTIOAL TEEATI8E ON THE SLIDE VALYE BY 
EOCENTEIOS, examining by methods, the action of the Eooen- 
trio upon the Slide Valve, and explaining the praotioal proces- 
ses of laying out the movements, adapting the valve for its 
various duties in the steam-engine. For the use of Engineers, 
Draughtsmen, Machinists, and Students of valve motions in 
general By G. TV. MaoCoilo, A. M., Fro&s^r of Kechaiiical 
Drawing, Stevens' Institute of Technology, Hoboken, N J. 



Stillman's Steam-Engine 

12mo. Cloth. $1.00. 

THE STEAM-ENGINE INDIOATOE, and the Improved Mano- 
meter Steam and Vacuum Gaugee; their- utility and application 
By Fattl Stillicak. New edition. 



Bacon's Steam-Engine Indicator. 

12mo. Cloth. $1.00. Kor. $1.50. 

A TREATISE ON THE EICHARDS STEAM-ENGINE IN- 
DICATOE, with directions for its use. By Charles T. Poeter. 
Bevised, with notes and large additions as developed by Amer- 
ican Practice, with an Appendix containing useful formula and 
rules for Engineers. By E. W, Bacon, M. E., Member of the 
American Society of Civil Engineers. Illustrated. 

In thia work, Mr. Porter's book has been taken as the ba«i% but Mr. Bfkx>n 
has adapted it to American Practice, and has conferred a great boon on 
American Engineers. — Artinan. 



Bartol on Marine Boilers. 

8yo. Cloth. $1.50. 

TEEATISE ON THE MARINE BOILERS OF THE UNITED 
STATES. By H. B. Babtol. Illustrated. 
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Gillmore's Limes aoid GJemisiits. 

Fourih Edition. Revised and EnlargcL . 

Brt, Cloth. $4.00. 

PEAOnOAL TEEATISE ON LIMES, HTDRAULIO CE- 
MENTS, AND'MOETAES. Papers on Practical Engineering, 
U. S. Engineer Department, No. 9, containing Eeports of 
numerous experiments conducted in New York City, during the 
years 1858 to 1861, inclusive. By Q. A. Gillmoee, Brig-Genera.1 
U. S. Volunteers, and Major TJ. S. Corps of Engineers. With 
numerous illustrations. 

'* This wcf^ oontains a record of certain experiments and researches made 
tinder the authority of the Engineer Bureau of the "War Department from 
1858 to 1861, upon the various hydraulic cements of the United States, and 
the materials for their manufiacture. The experiments were carefully made, 
and are well reported and compiled. ' — Journal Franklin Institute, 



Qillmore's Ooignet Beton. 

8vo. Cloth. |3.5a 

COIGNET BETON AND OTHEE AETIFICIAL STONE. By 
Q. A. GiLLMosE. 9 Plates, Yiews^ eto« 

This work deacribes with considerable minuteness 6i detail the several kinds 
of artificial stone in most general use in Europe and now heginning to be 
introduced in tho United States, discuaaea their properties, relative merits, 
and cost, and describes the materials of which they are composed. . .... . 

The subject is one of special and growing interest, and we commend the work, 
embodying m it doeis the matured opinions of an experienced enginiser and 
expert 



Williamson's Practical Tables. 

4to. Flexible Cloth. $3.50. 

PRACTICAL TABLES IN METEOEOLOGY AND HTPSO- 
METEY, in connection with the use of the Barometer. By Col. 

E. S. WiLLIAHSOM, IJ. S. A. 
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WilUamson on the Baromelier^ 

4to, Cloth. $15.00. 

ON THE USE OP THE BAROMETER ON SURVEYS AND 

RECONNAISSANCES. Part 1. Meteorology in its Connec- 

tion with Hypsemetry. Part IL Barometrio Hypsometry. By 

R. S. WiiiUAKSQiri Bvt Liettt.-Col. U. S. A., Major Oorps of 

Engineers. With Illustrative Tables and Engravings* Paper 

No. 15| Professional Papers, Corpe of Engineers. 

** Sajt F&AKaaco, Gau, ^eb. 27> 1867. 
<' G^. A. A. HuMPHiUBTS, Chief of Engineers, U. S. Army : 

'* Gekebal, — ^I have the honor to submit to you, in the following pages, the 
results of my investigations in meteorology and hypsometry, made with the 
view of ascertaining how far the barometer ean be used as a reliable instru- 
ment for determining altitudes on extended lines of survey and recminaia- 
sauces. These invest^ations have occupied the leisure permitted me from my 
professional duties during the last ten years, and I hope the results will be 
deemed of sufficient value to have a place assigned them among the psinted 
professicmal papers of the United States Corps of Engineers. 
" Very respectfully, your obedient servant, 

" K S'. WILLIAMSON, 
<<Bvt. LtfCioi IT. & A, Hajor Ooxps of U. 6. lEngineers." 



Von Ootta's Ore Deposits. 

8vo. Cloth. 1400. 
TBEATISE ON OEE DEPOSITS. By Bbenhakd Von Cotta, 
Professor of Gheology m the Boyal School of Mines, IFreidberg, 
Saxony. Translated from the second German edition, by 
Ebedesick Prime, Jr., Mining Engineer, and revised by the 
author, with numerous illustrations. 

'< Prof. Yon Cotta of the Freiberg School of Mines, as the «aihor of tiie 
beet modem treatise on ore deposits, and we are heartily glad that tbia ad- 
mirable work has been translated and published in this country. The trans- 
lator, Mr. Frederick Prime, Jr., a graduate of Freiberg, has had in his work 
the great adyantaga of a revisiop. by the author himself, whe dee^pffes in a 
prefatosy mole thai this may "he ecmridered as a new edition {iSktB iMrd) of his 
own book. 

** It is a timely and welcome contribution to the literature of mining in 
this oountry, and we are grateful to the traoulatar far his enttirprisB' es»d good 
judgment in undertaldng its preparation ; while we recognize with equal cor- 
diality the liberality of the author in granting both permission and assist- 
ance.'^ — Extract from Bevieto in Engineering and Mining JaumdL 
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Plattner^s Blow-Pipe Analysis. 

Beoond aditioii. Betiied. (Ivo. Olofii. |7.(iO. 

PLATTNEE'S MANUAL OF QUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THE BLOW-FIPE. From 
the last German editioBi Bevised and enlarged. By Prof. Th. 
BioHTEs, oftheBoyal Saxon Mining Academy. Translated by 
Prof. H. B. Cornwall, Assistant in the Columbia Sohool of 
Mines, New York ; assisted by Johk H. Caswell. Illustrated 
with eighty-seyen wood-cuts and one Lithogri^hio Plate. 560 
pages. 

** Plattner's oeielx»ted work has long been reoognirod as the only oomfdete 
book on BlowFipe Analysis. The fourth Gbrmaji edition, edited by Prof. 
Biehter, folly sitstfldns the reputation which the earlier editions acquired dur* 
ing the lifetime of the author, and it is a aouree of g^eat satisfaction to us to 
know that Prof. Bichterhas oo-operated with the translator in issuing, the 
American edition of the w<»k, which is in fact a fifth edition of the original 
work, being far more complete than the last German edition.'* — BUliman*4 
JournaL 

There is nothing so complete to be found in the English language. Piatt- 
ner*s book is not a mere pocket edition ; it is intended as a comprehensive guide 
to all that is at present known on the blow-pipe, and as such is really indis- 
pensable to teachers and adranced pupils. 

** Mr. Com wall's edition is something more than a translation, as it contains 
many corrections, emendations and additions not to be found in the original. 
It is a decided improvement on the work in its Grerman dress."— x/ewrAo/ of 
AppUed Chemistry, 



Egleston's Mineralogy. 

Sva Illustrated with 84 Lithographic Plates. Cloth. |4.6a 

LECTURES ON DESCRIPTIVE MINERALOGY, Delivered 
at the School of Mines, Columbia College. Bt Peofessob T. 

EOLKSTON. 

These lectures are what their title indicates, the lectures on Mineralogy 
ddivered at the School of Mines of Columbia C<dlege. They have been 
printed for the students, in order that more time might be given to the vari^ 
ous methods of examining and determining minerals. The second part hsB 
only been printed. The first part, comprising crystallography and phyaioal 
mineralogy, will be printed at some future time. 
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Pynchon's Ohemioal Physios. 

New Edition, MeiHsed and Enlarged* 

Grown 8tqw Cloth* $3.00* 

INTRODUCTION TO CHEMICAL PHYSICS, Designed for the 
Use of Academies, Colleges, and High Schools. Illnstrated with 
numerous engravings, and containing copious experiments with 
directions for preparing them. By Thomas Ruggles Pynchon, 
M.A., Professor of Chemistry and the Natural Sciences, Trinity 
College, Hartford. 

Hitherto, no work suitable for g^eral use, treating of all these subjects 
Within the limits of a single yolame, oould be foxmd ; conseqaently the atten- 
tion they have receired has not been at all proportionate to their importance. 
It is believed that a book containing so mnch valuable information within so 
small a compass, cannot fail to meet with a ready sale among all intelligent 
persons, while Professional men, Physicians, Medical Students, Photograph- 
ers, Telegraphers, Engineers, and Artisans generally, will find it specially 
valuable, if not nearly indispensable, as a book of reference. 

" We strongly recommend this able treatise to our readers as the first 
work ever published on the subject free from perplexing technicalities. In 
style it is pure, in description graphic, and its typographical appearance is 
artistic. It is altogether a most excellent work.*' — Eclectic Medical Journal, 

" It treats fully of Photography, Telegraphy, Steam Engines, and the 
various applications of Electricity. In short, it is a carefully prepared 
volume, abreast with the latest scientific discoveries and inventions.'' — H.a/rir 
ford, Courant 



Plympton's Blow-Pipe Analysis, 

12mo. Cloth. ^.00. 

THE BLOW-PIPE : A System of Instruction in its practical use 
being a graduated course of Analysis for the use of students, 
and all those engaged in the Examination of Metallic Combina- 
tions. Second edition, with an appendix and a copious index. 
By George W. Plympton, of the Polytechnic Institute, Brooklyn. 

• <*Thi8 manual probably has no superior in the English language as a text- 
book for begpinnersy or as a guide to the student working without a teaoher. 
To the latter many illustrations of the utensils and apparatus required in 
using the blow-pipe, as well as the fully illustrated description of the blow- 
pipe flame, will be especially servioeable.*' — New York Teacher, 




Ure's Dictionary, 



JSfiapth iiaman. ) 

London, 1873. 

r 

8 Tols. 8yo. Cloth, $25.00. Half Russia, $87.50. 

DICnONAEY OF AETS, MANUFACTUEES, AND MINES. 
By Andrew TJee, M.D. Sixth edition. Edited by Eobeet Hukt, 
F.R.S., greatly enlarged and rewritten. 



Brande and Cox's Dictionary. 

Kew Edition, 

London, 1872. 
8 Tols. 8yo. Ooth, $20.00. Half Moroooo, $27.50. 

A Dictionary of Science, Literature, and Art Edited by W* T. 
BnAims and Ber. Geo. W. Cox. New and enlarged edition. 



Watt's Dictionary of Chemistry. 

Supplementary Volunte, 

8vo. Cloth. $9,00. 

Has Tolnme brings the Beoord of Chemical Disoorerf down to the end <yf 
the year 1860, inoludinfl^ also sereral additions to, and oomctions of, fonner 
results which have appeared in 1870 and 1871. 

*^* Complete Sets of the Work, New and Bevised edition, including abore 
supplement. 6 vols. 8yOb Cloth. $62.00. 



Rammelsberg's Chemical Analysis. 

8yo. Cloth. $2.25. 

GUIDE TO A COURSE OF QUANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OF MINEEAI.S AND FUR- 
NACE PRODUCTS. lUustrated by Examples. By C. F. 
RAincsLSBXBs. Translated by J. Towlbr, M.D. 

This work has been translated, and is now published expressly for those 
students in chemistry whose time and other studies in colleges do not permit 
them to enter upon the more elaborate and expeasiye treatises of Freseniu^ 
and others. It is the condensed labor of a master in chemistry and of a piao- 
tical analyst. 
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Eliot and Storer's Qualitative 
Chemical Analysis. 

New Edition, Revised* 

12ma BlastratecL Cloth. #1.50. 

A OOMPENTDIOUS MANUAL OP QUALITATIVE CHEMI- 
CAL ANALYSIS. By CniJftLES W. Eliot and Frank H. StoREE. 
Bevised with the Cooperation of the Authors, by William Rip- 
ley Nichols, Professor of Chemistry in the Masaachusotts Insti- 
tute of Technology. 

** This Manual has great merits as a praotioal introdoction to the soieiice 
and the art of which it treats. It contains enough of the theory and practice 
of qualitatiye aaalysisy ** m the wet way/' to bring oat all the reasoning in- 
Tolved in the science, and to present clearly to the student the most approved 
methods of the art. It is specially adapted for exerciws and experiments in 
the laboratory; and yet its olassifications and mann^ of treatment are so 
systematic and logical throughout, as to adapt it in a high degree to that 
higher class of students genarally who desire an aocuvate Imowledge of the 
practical methods of azriving at scientific facts." — lAJt;Okiercm Obwner, 

*' We wish every anadereioal class in the land ooal4 have the benefit of the 
fifty exercises of two hours each necessary to master this book. Chemistry 
would cease to be a mere matter of memory, and become a pleasant experi- 
^emtal and inteUed;iial recceation. We heartily commend this little voiume 
to the notice of those teaohfirs who believe in using the aoMPoes as means of 
mental discipline." — College OtfuratU. 



Craig's Decimal System. 

Square 82mo. Limp. HlOo. 

WEIGHTS AND MEASURES. An Account of the Decimal 
System, with Tables of Conversion for Commercial and Scientific 
Uses. By B. F. Cbaio, M. D. 

'< The most lucid, aoonrate, and useful of all ^e hand-books on this aal|jeot 
that we have yet seen. It gives forty Hseven tables of comparison between the 
Bnglish and French denominations of length, area, capacity, weight, and the 
Centigrade and Fahrenheit thermometers, with clear instructions how to use 
them ; and to this practical portion, which helps to make the transition as 
easy as possible, is prefixed a sdentifio explanation of the errors in the metric 
system, and how they may be corrected in the laboratory." — Ifathn, 




Nugent on Optics. 

12mo. Cloth. $2.00 

TREATISE ON OPTICS ; or, Light and Sight, theoretically and 
practically treated ; with the application to Fine Art and Indus- 
trial Pursuits. By E. Nugent. With one hundred and three 
illustrations. 

'' Thii b0ok is of a pmefcteal r«tliar tiuin a theoretieal kind* and is der> 
•igfned to aflord aoonrate and complete information to all interaatsd in appli- 
oatians of thasoienoe." — Bound Table. 



Barnard's Metric System. 

8to. Brown cloth. $3.00. 

THE METEIO SYSTEM OF WEIGHTS AND MEASURES. 
An Address delivered before the Convocation of the University of 
the State of New York, at Albany, August, 1871. By Fredeeick 
A. P. Baenaed, President of Columbia College, New York City. 
Second edition from the Revised edition printed for the Trustees 
of Columbia College. Tinted paper. 

'' It is the best summary of the arguments in &Tor of the metrio weightp 
and measures with whioh we are acquainted, not only because it coutains in 
iimall ^aee the leading facts of the case, but because it puts the adyQCM^r of 
that system on the only tenable grounds, namely, the groat convenience qi ]^ 
decimal notation of weight and measure as well as money, the value of inter- 
national uniformity in the matter, and the fact that this metrio system is 
adopted aad iu gvneral use by the majority of civilued nations.*' — Tkt IfaHan. 



The ToTing Mechanic. 

mustnted. 12mo. Clotix. $1.75. 

THE YOUNG MECHANIC. Containing directions for the use 
of all kinds of tools, and for the construction of steam etiginee 
and mechanical models, including the Art of Turning in Wood 
and Metal. By the author of ''The Lathe and its UseSi'' etc 
From the English edition, with corrections. 



Harrison's Mechanic's Tool-Book. 

12mo. Cloth. $1.50. 

MECHANIC'S TOOL BOOK, with practical rules and suggestions, 
for the use of Machinists, Iron Workers, and others. By W. B. 
Habrisoit, Associate Editor of the " American Artisan." Illustra- 
ted with 44 engravings. 

« This work is spedallj adapted to meet the wants of MacMnists and work- 
ers in iron gfenerallj. It is made np of the work-daj experienoe of an intelli- 
gent and ingenious mechanic, who had the Realty of adapting tools to varions 
purposes. The practicability of his plans and suggestions are made apparent 
even to the unpractised eye by a series of well-executed wood engravings." — 
Philadelphia Inquirer. 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

^ Seventh edition. 8vo. Cloth $2.00. 

A Hand-book for Electricians and Operators. By Frank L. Pope. 
Seventh edition. Bevised and enlarged, and fully illustrated. 

£^traet firam Letter of Prof, Morse. 

** I have had time only cursorily to examine its contents, bai this examina- 
tion has resulted in great gratification, especially at the fairness and unpre- 
judiced tone of your whole work. 

** Your illustrated diagrams are admirable and beautifully executed. 

'' I think all your instructions in the use of the telegraph apparatos judi- 
cious and correct, and I most cordially wish you success." 

EsBtrcuit from Letter of Prof. Q. W. Hough, of the Dudley/ Observatory. 

** There is no other work of this kind in the English language that con- 
tains in so small a compass so much practical information in the application 
of galvanic electricity to telegraphy. It should be in the hands of every one 
interested in telegraphy, or the use of Batteries for other puzposes." 



Morse's Telegraphic Apparatus. 

Illustrated. 8vo. Cloth. $9.00. 

EXAMINATION OF THE TELEGRAPHIC APPARATUS 
AND THE PROCESSES IN TELEGAPHY. By Samitbl P. 
B. MoBSE, LL.D., United States Commissioner PaSb Uniyersal 
Exposition, 1867. 
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Sabine's History of the Telegraph. 

Idmo. Cloth. $1^. 

HISTORY AND PROGRESS OP THE ELEOTRIO TELE- 
GRAPH, with Descriptions of some of the Apparatus. By 
ItoBEST Sa3ine, 0. E, Second edition, with, additions. 

Contents.— L Earlj OlMenrations of Electrical PhencMnena. XL Tele- 
graphs by Frioticmal Electricity. III. Telegraphs by Voltaic Electricity. 
IV. Telegraphs by Electro-Magnetism and Magneto-Electricity. V. Tele- 
graphs now in use. VI. Orerhead Lines. VII. Submarine Telegraph Lines. 
VnL Underground Telegraphs. IX Atmospheric Electricity. 



Shafiher's Telegraph Manual. 

Sra Cloth. 16.60. 

A COMPLETE HISTORY AND DESCRIPTION OP THE 
SEMAPHORIC, ELECTRIC, AND MAGNETIC TELE- 
GRAPHS OF EUROPE, ASIA, AFRICA, AND AMERICA, 
with 625 illustrations. By Tal. P. Shaffksb, of Kentucky. 
New edition. 

Oulley's Hand-Book of Telegraphy. 

Svo. Cloth. $5.00. 

A HAND-BOOK OF PRACTICAL TELEGRAPHY. By R. 8. 

Cttlley, Engineer to the Electric and International Telegraph 
Company. Fourth edition, revised and enlarged. 



Foster's Submarine Blasting. 

4to. Cloth. $3.50. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts- 
Removal of Tower and Corwin Rocks. By John G. Fosteb, 
lieutenant-Colonel of Engineers, and Brevet Major-General, U. 
S. Army. Illustrated with seven plates. 

LxsT OF Plates. — 1. Sketoh of the Narrows, Boston Haxbor. 2. 
Towxisend's Subjoariae Drilling Machine, and Working Vessel attending. 
3. Submarine Drilling Machine employed. 4. Details of Drilling Macldue 
employed. 5. Cartridges and Tamping used. 6. Fuses and Insulated Wires 
used. . 7. Portable Priotion Battery used. 
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Barnes' Submarine Warfare. 

SUBMAEINE WAKFABE, DEFENSIVE AND OFFENSIVE. 
Comprising a full and complete History of the Invention of the 
Torpedo, its employment in War and restilts of its use. De- 
scriptions of the yarious forms of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzes, and Electricity, and a full account 
of experiments made to determine the Explosive Force of Ghm- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship systems, and influence upon 
Future Naval Wargr. By lieut-Comihander Johw S. Basves, 
XT. S. N. With twenty liihographio plates and many wood-cuts. 

" A book importaxit to military men, aad eapeoially bo to euffineers and ar- 
tillerists. It consists of an ezamination of the Tarions offensive and defenftive 
engines that have been oontriyed for submarine hostilities, including a discus- 
sion of the teVpedo system, its effects upon iron-clad ship-systems, and its 
probable influence upon future naval wars. Plates of a valuable character 
accompany the treatise, which affords a useful history of the momentous sub- 
ject it difiowBQS, A great deal of useful information is collected in its pages, 
especially concerning the inventions of ScnoLL and VEnOTJ, and of ^6ws&* 
and Hunt's batteries, as well as of other similar machines, and the use in 
•obiaanBe opevations of gon-oGitton amd nitro^glyQerine,*'— ^JT. Y.^ Times, 



Randairs Quartz Operator's Hand- 
Book. 

12ma Gfloth. f^OO, 

QUAETZ OPERATOR'S HAND-BOOK. By P. M. Randall. 
New edition, revised aad enlarged. Pully illustrated. 

The object of this work has been to present a clear and comprehensiTO >ex- 
posltion of mineral reins, and the means and modes chiefly employed for the 
mining and working of their ores — ^more especially those containing gold and 
lilyer. 
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Mitoheirs Manual of Assaying. 

A MANUAL OF HttACTIOAL ABBA YIN&. By Jora Mtichiell. 
Third edition. Edited by WmjAic OxooxEa, F.B.a 

In this edition axe incorporated all the late important diaooreries in Assay- 
iag made in tliia country and abroad, and'flpeoiid care ia detoted to the rery 
ittportant YoloDietrJo and Coldrimetrio Attays, aa i^ett aa to tilie BloirhP^ 



Ben6t's Ohronoscope. 

Second JEkUHon* 

nhurianttad. 4to. Olotli. $8.00. 

ELECTBO-BAJjLISTIO machines, and the Schultz Chrono- 
Boope. By lieutenant-Colonel S. Y. Bisset, Captain of Oxdnanoe, 

U. S. Army. 

Contents. — 1. BalQatia Fendnlom. 2. Gnu Pemdnlnm. 8. Use of Elec- 
tricity. 4. Navez' Machine. 5. Yignotti's Machine, with Plates. 6. Benton's 
Electro-Ballistio Pendulum, with Plates. 7. Leur's Tro-Pendulum Maohine 
8» Soli«Itfi*a Chrososocqpei with two Plates. 



Miohaelis' Chronograph. 

4t». Dluatcsted. Cloth. $aOa 

THE LB B0ULENG]6 CHEONOGBAPH. With three litho- 
graphed folding plates of illustrations. By Brevet Captain E. 
MioHABUs, First Lieutenamt Ordnance Corps, U. B. Army. 

" The excellent monograph of Captain Michaelis enters minutely into the 
cItftaUs of oonstfuotion and management, and gives tables of the times of ^ght 
calculated upon a given fall of the chronometer for all distances. C&ptaJH 
Michaelis has done good asrvice in presenting this work to his brother officers, 
desbribing, aa it does, an instrument which bids fair to be in constant uas in 
our future ballistio experiments.' -—^rm^ and Nanff JawmaL 
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ith's Hand-Book. 



JF<mnh JEditlon. 

Blostrated, 12mo. CAoth. $8.00. 

A PEACnOAL HAND-BOOK FOR MINERS, MetaUurgista, 
and Assayera, oomprising the xaoet recent improyements in the 
disintegration, amalgamation, smelting, and parting of the 
Preoions Ores, with a . Comprehensive Digest of the Mining 
Laws. Greatly augmented, revised, and corrected. By Jitliits 
SiLVEBSHiTH. Foiirth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. $3.00. 

One of the most important features of this work is thai in which the 
metallurgy of the precious n^etala is treated of. In it the author has endeav- 
ored to embody all the processes for the reduction and manipulation of the 
precious ores heretofore fiucoessfolly employed in Q^rmi&ny, England, Mexico, 
and the United States, together with such as have been more recently invented, 
and not yet fully tested — all of which are profusely illustrated and easy of 
Qomprehension. 



Simms' Levelling. 

8yo. Cloth. $2.50. 

A TEEATISE ON THE PRINCIPLES AND PBACTIOE OF 
LEVELLING, showing its application to purposes of Railway 
Engineering and the Construction of Roads, &c. By Eeederick 
W. SiMMs, 0. E. From the fifth London edition, revised and 
corrected, with the addition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. lUustratfed with three lithographic 
plates and numerous wood-cuts* 

** One of the most important text-books for the general surreyor, and there 
is scarcely a question connected with levelling for whidi a solution would be 
sought, but that would be satisfactorily answered by consulfcing this volume." 
— Mining Journal, 

'"The text-book on levelling in moet of our engineering aohoolB and ool« 



''The publishers have rendered a substantial service to the profaadon, 
especially to the younger members, by bringfing out the preaeiit edition of 
Jb. Simms useful work.'' — Shhgine&ring, 
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Eads' Naval Defences. 

4to. Cloth. $5.00. 

SYSTEM OP NAVAL DEFENCES. By Jambs B. Eam, 0. E. 
Eeport to the Honorable Gideon Welles, Seoretazy of the Navy, 
Februaiy 22, 1868, with ten illustrations. 



Stuart's Naval Dry Docks. 

Twenty-four engraving on BteeL 
Fourth EdiHan. 
4to. Cloth. $&.00. 

THE NAVAL DRY DOCKS OF THE UNITED STATES. 

By Chakles B. Stuabt. Engineer in Chief of the United States 

Navy. 

Ijist of IJhistrationa. 

Pumping !Ehigine and thumps — Plan of Dry Dock and Pump-Well— Sec- 
tions of I>ry Dock — Engine House — ^Iron Floating Gate — DetaiU of Floating 
Grate — ^Iron Turning Gate— Plan of Turning Gate — Culvert Gate — Filling 
Culvert Gates — Engine Bed — Plate, Pumps, and Culvert — ^Engine !&ouse 
Boof — ^Floating Sectional Dock — Details of Section, and Plan of Tum-Tablea 
^-Plan of Basin and Marine Railways — Plan of Sliding Frame, and Elevation 
of Pumpe>— Hydraulic Cylinder — Plan of Gearing for Pumps and End Floats 
— Perspective View of Dock, Basin, and B.ailway — Plan of Basin of Porte- 
mouth Dry Docdc — ^Floating Balance Dock — Elevation of Trusses and the Ma- 
chinery— Peiwpectlve View of Balance Dry Dock 



Free Hand Drawing. 

Profusely Illustrated. ISmo. Cloth. 75 cents. 

A GUIDB TO ORNAMENTAL, Figure, and Landscape Draw- 
ing. By an Art Student. 

Contents. — ^Materials employed in Drawing, and how to use them — On 
Lines and how to Draw them — On Shading — Concerning lines and shading, 
with applications of them to simple elementary subjects— Sketches from Na- 
ture. 



26 



SCIENTIFIC BOOKS PUBLISHED BY 



Minifie's Meclianical Drat^ing. 

Eighth Editiinu 

Bojsl 8yo. Cloth. $400. 

A 1?BXT-B00«: OP GEOMETRICAL DHAWING for the use 
of Mechanic and Schools, in wlxich. the Definitions and Eules of 
Geometiy are feuniliarly explained ; the Practical Problems are 
arranged, &om the most simple to the more complex, and in their 
description technicalities are avoided as much as possible. With 
illustratioBB for Drftrwing Plans, Sections^ and Mevations of 
Buildings and Machinery ; an Introduction to Isometrical Draw- 
ing, and an Essay on linear Perspective and Shadows. Illus- 
trated with over 200 diagrams eagtei-^Q^ on steel. By Wu. 
MiNiPiE, Architect. Eighth Edition. With an Appendix on the 
Theory and Application of Colors. 

" It is the best work on Drawing that we have ever seen, and is especially a 
text-book of Geometrical Drawing for the nse of Mechanics and Schools. No 
young Mechanic, such as a Machinist, Engineer, Gabinet-Maker, Millwright, 
or Carpenter, should be without it.** — ^ienUfic American. 

" One of the most compreheasiye works of thekiAd evw publii^ed, and can- 
not but possess great value to builders. The style is at onoe elsegant and Kib* 
stantial/' — Pennsylvania Inquirer, 

** Whatever is said is rendered perfectly inteUigiUe by remarkably well^- 
executed diagrams on steel, leaving nothing for mere vague supposition ; and 
the addition of an introduction to isometrical drawing, linear perspective, and 
the foojeotion of shadows, winding up with a useful index to feehnioal termsL" 
— Glasgow Mechanics' JaumaL 

t^ The British (government has aathonased the use of this book in thsir 
schools of art at Somerset House, London, and throughoui the Idngdom. 



Minifie's Geometrical Drawing. 

If^w Edtttan* IBntarged. 

Idmo. Oloth. |di)0. 

GEOMETRICAL DRAWING. Abridged from the octavo editioii, 
for the use of Schools. Illustrated with 4S steel plates. New 
edition, enlarged. 

** It is well adapted as a text-book of drawing to be used in our High SohooU 
and Academies where this useful branch of the fine arts has been hithsrto too 
much neglected.'' — Boston Journal, 
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Bell on Iron Smelting. 

8yo. Cloth. $6.00. 

CHEMICAL PHENOMENA OF lEON SMELTING. An ex- 
perimental aaid praotioal examination of the oinnmistabeeis which 
determine the capacity of the Blast Funlace, the Temperature 
of the Air, and the Proper Condition of the Materials to be 
operated upon. By I. Lowthian Bi;xx. 

** The reaotions which take place in every foot of the blast-fomaoe have 
been inrestigatedy and the nature of every step in the process, from the intro- 
ducticm of the raw material into the furnace to the production of the pig iron, 
has been carefully ascertained, and recorded so fully thai any one in the trade 
oan readily avail themselves of the knowledge acquired ; and we have no hes- 
itation in saying that the judicious application of such knowledge wiU do 
much to facilitate the introduction of arrangements which will still further 
eoonomise fuel, and at the same time permit of the quality of the resulting 
metal being maintained, if not improved. The voltime is one which no prac- 
tical pig iroli maiiuf aoturer can afford to be without if he be desirous of en- 
tering upon that competition which nowadays is essential to progress, and 
in issuing such a work Mr. Bell has entitled himself to the beet thanks of 
every aiembeir of the trade." — Londtm Mining Jcwtnal, 



King's Notes on Steam. 

Thirteem^h EdiMon. 

8vo. Cloth. $2.00. 

LESSONS AND PEACTrCAL NOTES ON STEAM, the Steam- 
Engine, Propellers, &c., &c., for Young Engineers, Students, and 
otiiers. By the late W. E. Bong, U. S. N. Eevised by Ohief- 
Engineer J. W. Kiko, U. S. Navy, 

" This is one of the best, becanse eminently plain and practical treatises on 
the Steam Engine ever published. * — Philadelphia Press, 

This is the thirteenth edition of a valnable work of the late W. H, Kii^, 
U. S. N. It contains lessons and practical notes oti Steam and the Steam En- 
gine, Propellers, etc It is calculated to^be of great use to yonng marine en- 
gineers, students, and others. The text is illustrated and explained by nu- 
merous diagrams and representations of madhinery. — JScwftm DaHf Adoer' 
tiser. 

Text-book at the U. S. Naval Academy, Annspc^lii. 
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Burgh's Modern Marine Engineering. 

One thick 4to ToL Cloth. $25.00. Half moroooo. $80.00. 

MODERN MARINE ENGINEERING, appUed to Paddle and 
Screw Propuleion. Consistizig of 36 Colored Plates, 259 Practical 
Wood-cut Illustratione^ and 403 pages of Descriptive Matter, the 
whole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Ronnie ; 
Messrs. R. Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. 
Rayenhill & Hodgson; Messrs* Humphreys & Tenant; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. Bubgh, 
Engineer. 

PamciFAL CoNTEirrs.— General Arrangements of Engines, 11 examples 
— General Arrangement of Boilers, 14 examples — General Arrangement of 
Superheaters, 11 examples — Details of Oscillating Paddle Engines, 34 ex- 
amples — Condensers for Screw Engines, both Injection and Snr&oe, 20 ex- 
amples — Details of Screw Engines, 20 examples — Cylinders and Details of 
Screw Engines, 21 examples — Slide Valves and Details, 7 examples — Slidfi 
Valve, Link Motion, 7 examples — Expansion Valves and Gear, 10 exam- 
ples — Details in General, 80 examples— Screw Propeller and Fittings, 13 ex- 
amples Engine and Boiler Fittings, 28 examples In relation to the Princi- 
ples of the Marine Engine and Boiler, 38 examples. 

Notices of the Press, 

•< Every conceivable detail of the Marine Eng^e, under all its various 
forms, is profusely, and we must add, admirably illustrated by a multitude 
of engravings, selected from the best and most modem practice of the first 
Marine Engineers of the day. The chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in existi nee which will bear a 
moment's comparison with it as an exponent of the skill, talent and practical 
experience to which is due the splendid reputation enjoyed by many British 
Marine Engineers."— j^n^tTteer. 

** This very comprehensive work, which was issued in Monthly parts, has 
just been completed. It contains large and full drawings and copious de- 
scriptions of most of the best examples of Modem Marine Engines, and it is 
a complete theoretical and practical^treatlBe on the subject of Hsrine Engi- 
neering."— JLm^»a»;» Artisan. 

This is the only edition of thr> above work with the beautifully colored 
plates, and it is out of print in England. 
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Bourne's Treatise on the Steam En- 
gine. 

Ninth Edition. 

lUiistrated. 4to. Cloth. $15.00. 
TEEATI8B ON THE STEAM ENGINE in its various appHca- 
tions to Mines, Mills, Steam Navigation, Bailways, and Apicul- 
ture, with the theoretical investigations respecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, and 
Practical Instructions for the Manufacture and Management of 
every species of Engine in actual use. By John Bofkne, being 
the ninth edition of "A Treatise on the Steam Engine," by 
the " Artisan Club." Illustrated by thirty-eight plates and five 
hundred and forty-six wood-cuts. 

As Mr. Boiir]ie*s work ha3 the great merit of avoiding TinaoTind and imma- 
tnre yiewd, it may safely be consulted by all who are really desirous of ac- 
quiring trustworthy information on the subject of which it treats. During 
the twenty-two. years which have elapsed from the issue of the first edition, 
the improvements introduced in the construotioa of the steam engine have 
been both numerous and important, and of these Mr. Bourne has taken care 
to point out the more prominent, and to furnish the reader with such infor- 
mation as shall.enable him readily to judge of their relatiye value. This edi- 
tion has been thoroughly modernized, and made to aooord with the opinions 
and practice of the more successful engineers of the present day. All that 
the book professes to give is given with ability and evidmit oare. The scien- 
tific principles which are permanent are admirably explained, and reference 
is made to many of the more valuable of the recently introduced engines. To 
express an opinion of the value and utility of such a work as TTie Artimn 
Club* 8 Treatise on ^ Sidam Erhgir^ which has passed through eight editions 
already, would be superfluous ; but it may be safely stated that the work is 
worthy the attentive study of all either engaged in the manufacture of steam 
engines or interested in economizing the use of steam. — Mining JournaL 



Isherwood's Engineering Precedents. 

Two Vols, in One. 8vo. Cloth. $2.50. 

ENGINEEEING PRECEDENTS FOR STEAM MACHINERY. 
Arranged in the most practical and useful manner for Engineers. 
By R F. IsHBBWooi), Civil Engineer, U. S. Navy. WiA illus- 
trations. 
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Ward's Steam for the Million. 

New and Bevised EditUnu 

Sva Clotb. $1.00. 

STEAM FOR THE MILLION. A Popular Treatise on Steam 
and its Applioation to the Useful Arts, especially to Nayigti- 
tion. By J. H. Wakd, Commander U. 8. Navy. New and re- 
vised edition. 

A most exoeUent work for the yoimg engineer and genend reader. Kany 
facts relating to the management of the boiler and engine are set forth with a 
simplicity of Ismgnage and perfection of detail that bring the subject home 
to the reader. — American Engineer, 



Walker's Screw PropulsioiL 

8vo. Cloth. 75 cents. 

NOTES ON SCREW PROPULSION, iis Rise and History. By 
Capi W. H. Waxkeb, U. 8. Navy. 

Commander Walker's book contains an immense amount of oonoiae praoti- 
eal data, and every item of information recorded fnlly proves that the varions 
points bearing upon it have been well oonsidsired previously to expressing an 
opinion. — Ixmdon Mining JournaSL 



Page's Earth's Crust. 

ISmo. Cloth. 76 cents. 

THE EARTH'S CRUST : a Handy Outline of Geol<^. By 
David Pag^. 

*' Such a work as this was much wanted — a work giving in clear and Intel- 
ligible outline the leading facts of the science, without amplii^cation or irk- 
some details. It is admirable in arrangement, and clear and eai^, and, at the 
same time, forcible in style. It will lead, we hope, to the introduction of 
Geology into many schools that have neither time nor room for the ^tudy of 
large treatises.** — The Museum, 




Rogers^ Geology of Pennsylvania. 

8 Vols. 4to, with Portfolio of Maps. Cloth. $30.00. 

THE GEOLOGY OF PENNSYLVANIA. A Government Sur- 
vey. With a general view of the Geology of the United States, 
Essays on the Coal Formation and its Fossils, and a description 
of the Goal Fields of North America and Gh-eat Britain. By 
Hewrt Dabwik Rogers, Late State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and Engravings in the Text. 

It certainly should be in every public library voioughout the country, and 
likewise in the possession of all students of Q-eolog^. After the final sale of 
these copies, the work will, of course, become more valuable. 

The work for the last five years has been entirely out of the market, but a 
few copies that remained in the hands of Prof. Rogers, in Scotland, at the 
time, of his death, are now offered to the public, at a prioe which is even 
below what it was originally sold for when first published. 



- Morfit on Pure Fertilizers. 

With 28 nitutratiTe Plates. 8yo. Cloth. $20.00. 

A PRACTICAL TREATISE ON PURE FERTILIZERS, wid 
the Chemical Conversion of Rock Guanos, Marlstones, Coprolites, 
and the Crude Pliosphates of Lime and Alumina Generally, into 
various Valuable Products. By Campbell Moepit, M.D., F.C.S. 



Sweet's Report on Coal. 

8vo. Cloth. $3.00. 

SPECIAL REPORT ON COAL ; showing its Distribution, CBasei- 
fication, and Cost delivered over different routes to various points 
in the State of New York, and the principal cities on the Atlantic 
Coast. By S. H. SwBET. With maps. 



Oolbiirn's Gas Works of London. 

tflmo. Boards. 60 cents. 

GAS WORKS OP LONDON. By Zeeih Colbukw. 
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The Useful Metals and their Alloys ; 
Scoffren, Tmran, and others. 

Fifth Edition. 

8to. Half call $8.7& 

THE USEFUL METALS AND THEIR ALLOYS, including 
MINING VENTILATION, MINING JURISPRUDENCE 
AND METALLURGIO CHEMISTRY empbyed in the conver- 
sion of IRON, COPPER, TIN, ZINC. ANTIMONY, AND 
LEAD ORES, with their applications to THE INDUSTRIAL 
ARTS. By John Scopfebn, William Tefrak, William Clay, 
Robert Oxlakd, William Fairbairn, W. C. Aitjok, and Wil- 
liam YOSS PiCXSTT. 






OoUins' Useful Alloys. 

18mo. Flexible. 75 cents. 

THE PRIVATE BOOK OF USEFUL ALLOYS and Memo- 
randa for Goldsmiths, Jewellers, etc. By James E. Colld^s 

This little book is compiled from notes made by the Author from the 
papers of one of the largest and most eminent Hanufactaring Goldsmiths and 
Jewellers in this country, and as the firm is now no longer in existence, and the 
Author is at present engaged in some other undertaking, he now offers to the 
public the benefit of his experience, and in so doing he begs to state that all 
the alloys, etc., given in these pages may be confidently relied on as being 
thoroughly practicable. 

The Memoranda and Keceipts throughout this book are also compiled 
from practice, and will no doubt be found useful to the practical jeweller. 
—Shirley, Jvly, 1871. 

Joynson's Metals Used in Construction. 

12mo. Cloth. 75 cents. 

THE METALS USED IN CONSTRUCTION: Iron, Steel, 
Bessemer Metal, etc., etc. By E&^jrcis Hesbeet Joynsok. Il- 
lustrated. 

'< In -&e interests of practical science, we are bound to notice this work ; 
and to those who wish further information, we should say, buy it ; and the 
outlay, we honestly believe, will be considered well sjpent." — Sdeniifie 
Beview, 
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Holler^ Of dnsinod 4nd 

498 Engrayings. Hytt ttoa&, $10.00. Half Rusaia, (13.00. 

A TEawiSE OH OltBWANOB AND AfetfOft-^Ambrtrdtiig 
Descri^tioiis^ DisouSBsioiis^ and Professidnal Opimons concerning 
the MatekxIl, FABSK^AtiOK, i^equi^etnentb, Capabilities, and En- 
durance of Eai^i^n and American Gnns. fotNavnl, Sea Gdasti 
aifid Ixon*olad Watfte«, &nd their Biflikg, F&o7ECtrLEs, and 
BBEBQsr-LoAniN* ; also, 'lEeamlts of £xpeHments against A^or, 
from Official Records, with an Appendix referring to Q-un^Cotton, 
Hooped Guns, etc.y etc. By Alexan^bb L .Hollet, B. P. 948 
paries, 493 Engrayingg, and 147 Tables of Besuks, etc. 

CoKTBgBrra . 

0RA9TBB I.— Staadaxil Guns and their li^brioation Described : Sectioxi 1. 
Hoo|)ed Gutis; Section 2. Solid Wronght Iron Guns; Sdctioii 8. Solid Stc^l 
Gnns; Seotlon 4. Cast-Iron Ghins.- Chapter IL — ^Tke Requirements of (Mak^ 
Armor: Section 1. T^e Work to be done; Section 2.- Heavy SRot at L6# Ve- 
locities; Sections. Small Shot at High Velocities; Section 4. The two 'S;^W> 
tems Combined; Section 5. Breaching Masonry. Chapter IIL — ^The Strains 
and Str^Dtnseof Gnn^^ ^^^ei^On 1. ^sib^offCoS^ilstil^PireBsaieL Section 2. 
The Effects of Vibration; Section 3. The Effeclis of Heat Chapter IV.— 
Cannon Metals and Processei^iyf PaMlbaMtMi: CMtion 1. Elasticity and Ductil- 
ity; Section 2. Cast-Iron ; Section 8. Wrpught Iron; Section 4. Steel; Sec- 
tion 5. Bronze ; Section 6: Other Alloys. Chapter V . — Rifling and Projeo- 
tiles; Stai^dord F^rnu. nd; P;pac«jyn»' ^tiocibed; ElMrly U|^iiti6nts,' THe 
Centring System; The Compressing System; The Ex|>an^on System ;Arpior 
Punching Projectiles ; Shells for Molten Metal; Competitive Trial of Rifled 
Guns, 1802; Duty of Rifled Guns: General Uses, Acciiracy, Rangfe, Velocity, 
Strain, Liability of ProjectUe to Injury ; Piiiiig Spherical Shot from Rifled 
Ghm»;f Material lor Armor-Punching Projectiles;' Shap^ of Armor-PuncMing 
Projectiles; Capacity Mtd Peatraetiveiiess •< Shellfe; ElODgAted' Shot ibom 
Smooth Bores; Conclusions; Velocity of Projectiles (Table\ Chapter VI. — 
Breeoh-Loading Advantages and Defects of the System; Rapid Firing and 
Cooling Giuia by Haclisnetjt; StsAdard'^ieeob-Iioadert I^Wzibed. Part Sec- 
ond: Experiments against Armor; Account of Experiments from Official 
Records in Chronological Ord^. ApPSKbix. — Report on the Application of 
Gun-Cotton to Warlike Purposes — British A680ciatio^, 1868; Manu^tuie aii«L 
£xperimentiB in Enghoid ; Guns Hooped -^th Initial Tension — History; How 
G«aiis Burst, by Wiavd, Lyman's Acceleral&ng^ Gtm'; Sndmteide of Parh)tt 
and Whit^oHh Gum at Ohdrlast^ ; Hoopiilg. old United States Cast-iron 
Quns ; Endurance and Accuracy' of ^ha Arovstrotig 6^(^poQiid«r; Competitive 
Trials with 7-inoh Guns. 




S4 SCIENTIFIC BOOKS PUBLISHED BT 

Feirce's Analytic Meohanios. 

4ta Cloth. 110.00. 

SYSTEM OF ANALTTIO MEOHAITIOS. Physioalftiid Celestial 
Meohanios. By Bbkjamiv Pbibcs, Perkins Professor of Astronomy 
and Mathematics in Harvard Universiiy, and Consulting As- 
tronomer of the American Ephemeris and Nautical Almanac 
Developed in four systems of Analytic Mechanics, . Celestial 
Mechanics, Potential Physics, and Analytic Morphology. 

'' I hftTe re-examined the memoirs of the gfeat g^meters, and haye striTon. 
io -consolidate their latest researches and their most exalted forms of thought 
into a consistent and nnilonn ireatisew If I haTe hereby suoceeded in Q{>6n- 
ing to the students of my country a readier access to these choice jewels of 
intellect ; if their brilliancy is not impaired in this attempt to reset them ; if, 
in their own constellation, they illustrate each other, and ooaoenlrate 
a stronger light upon the names of their disooYcrers , and, still more, if any 
gem which I may haye presumed to add is not wholly lustreless in the oolleo- 
tion, I shall feel that my work has not been in rain." — BhUraU from tJu Prg- 
faee, 

Burt's Key to Solar Oompass. 

Second BdiUan. 

Pocket Book Form. Tuck. $2.60. 

KEY TO THB SOLAB COMPASS, and Surreyor's Companion ; 
comprising all the Bules necessary for use in the field; also, 
Description of the Linear Surreys and Public Land System of 
the United States, Notes on the Barometer, Suggestions for an 
outfit for a Surrey of four months, etc., etc., etc By W. A. 
Bust, U. 8« D^uty Sunreyor. Second edition. 



Ohauvenet's Lunar Distances. 

8to. Cloth. $2.00. 

NEW METHOD OF COBBEOTING LUNAR DISTANCES^ 
and Improved Method of Finding the Error and Bate of a Chro* 
nometer, by equal altitudes. By Wm. CHAmrxnT, LL.D., (Miaa- 
oellor of Washington Unirersity of St. Louis. 




Jeflfers' Nautical Swveying, 

IQiistrated witli 9 Copperplates and 81 Wood-out BlnstraUoiiA. ora 

Cloth. $6.00. 

NAUTIOAL SUBVEYING. Bj Wiiuajc N.Jiwwwa, Oaptsia 

U. S. Nairy. ,.* .. 

Kaay book* hftve beisn written mt eaoli of the subjects tristfted ol xuthe 
rixteen chiutters of this work; and, to obtain a complete knowledge of 
geodetic surveying requires a profound study of the whole range of- mathe- 
matical and physical sciences ; but a year of preparation should render any 
intelligent officer competent to conduct a nautical survey. 

Contents.— Chapter I. FormulaB and Constants Useful in Surveying 
II. Distiuotiye Chan^dier of SvryeTSs; ZIL Hydxbgriphic Surreying under 
Sail ; or, Running Survey. IV. Hydrographic Surveying of Boats ; or, Har- 
bor Survey. V. Tides^D«finition of Tidal Phenomena— Tidal Observations, 
yi. Measurement of Bases; — Appropriate and Birect. YIL Measurement c^ 
the Anglee of Triangles— ^Azimuth^Astronomical Bearing^s.' VHI. Correc- 
tions to be Applied to the Observed Angles.' IX. Levelling— Difference of 
Level. X. Computation of the Sides of the Triang^lation — ^The Three-ppint 
Problem. ICI. Betermination of the Gebdetlo Latituctes, Longitudes, and 
Azimuths, of Points of a Triangufaition. XIL Summary of Subjects treated 
of in preceding Chapters — ^Examples of Computation by various Formul». 
XIIL Projection of Charts and Plans. XIV. Astronomical Determination of 
Latitude and Longitude. XV. Magnetic Observations. XVL Deep Sea 
Soundings. XYIL TilM foT Aaoe^taining VM^i^ iEL.Soa, and a fuU 
Index. 

Plaid L. JHagwm Il]iyii»ti?ie iof the TrianguUiiMi. H. Sjpeobnen 'Pag* 
of jField BqoHp. Ill, Bui^Mng Baxjeyipi & dmit, TV. BxawpW of f I^unHUig 
Survey fron^ Belch^, Y. Flying; Survey of an IsUnd. YH Survey q| a 
Shoal, YIL Boat Surrey pf a Elver. VJIL Thi;ee-Point Problem. IX. 
Triangulatidn. 

Coffin's Navigation. • 

mfth.Editton^ , 

12mo. Cloth. 1^50. 

NAVIGATION AND NAOTIOAi ASTRONOMY. Prepared 
for .the use oif the U. S. ?IaTi^ A^adei^j. By J. H* 0, Oo»fiir» 
Prof, of Astrqnomjr^ Nayig;atio^ and Survejmgi^ wi]k]j|L 52 wood- 
cut illustrations. 
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Olark*^ Theoretical Navigation, 

8to; €notli« $8.00. 

[OAL *riVl(*A'tlON AND l^AttlCTAli AStEO^- 
OMT. By Lswis Glailk, Lieui-Commander, U. 1^. Navy. ' II- 
luA^atocl with 41 Wood-oui% ina3nding.th»Yw«i&i; 

Prep«xed lor Use ftt tha XT. a Kayi^lt Aoademj. 
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The Plane Table. 

niusteted. 8to. CWft. td.OOi / 

iCrS TJSfiS nr 1:0P0GRAPHI0AL SUBVEYINa. Fw»a the 
, Papen of tba IT. S. Coast Survey* 

_■ t i • ■• • 

Thif work givea ft deaoriptioQ. ot£ tiba ^Plana Tibia ans^yHt at .tlia U. S. 

Coast Surrey Offioe» and the maaaer of mniig it 



Fook on Shipboildtng. 

^ 8TCk OidiiK^ , t6:0Q. 

ICarnOD OFCOlCPAiBINa THB LI)<^B» AND'I»lAT70fiT- 
ING TB8S»Lg' PfiOPKLtfiD' BT SAIL Ott S*EA4t, W 
(Jluding a Obapter on Laying off on the JUTould-Lofit t^loor.' By 
SucuEL U. Fook, Naval Constructor. 1 Vol., 8vo. With illusr 
trations. Oloth. $5.00. 
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Bnumow's Spherical Astronomy. 

.1' • ' 
^ $fOi Ql#thj t^JUfO. w . 

8Piai5fti(5Ai. ASlJItOllOirf ' By F. fiKirUo#, iPk. I>r. ban*- 
' Itltod by thei Author from thii iSeoond dFerman edition. 




Yaji Bureii's Fanimla& 

Sya CioHh. $2.00. 

INVESTIGATIONS OF FORMULAS, for th^ Sixen^ of the 
. Iron Parts of Steam Maohinery. By J. D. Yak Bvbjbk, Jr*, 0. E. 
Illuatrated. 

This is an analytical discussion of the formnlae employed hj mechanical 
engineers in determining the rupturing or crippling pressure in the different 
parts of a machine. The formules are founded upon the principle^ that the 
different parts of a machine should be equally strong, and are developed in 
reference to the u\^S|ttate fi^rengtli of the' material in. order to leave the choice 
of a factor of safety to the judgment of the doeigneT.—SUliman's Journal, 



Joynson on Miachine Gearing. 

8vo. Cloth. $2.00. 

THE MECHANIC'S AND STUDENT'S GUIDE in the Design- 
ing and Construction of General Macbine Gearing, as Eccentrics, 
Scre'^s, Toothed Wheels, etc., and the Drawing of Eectilineal 
and Curved Surfaces ; with Practical Rules and Details. Edited 
by Erajtcis Hsbbeex Joyksoit. Illustrated with 18 folded 
plates. 

" The aim of this -work is to he a guide to mechanics in the designing and 
construction of general machine-gearing. This design it well fulfils, heing 
plainly 4nd sensibly writtemi und profusely iUuBtrated.'' — S\i7iday Times, 



Barnard's Report, Paris Exposition, 

1867. 

Illustrated. 8yo. Cloih. $5i)0. 

EEPORT on MAOHINTBRT and processes on THE 
INDUSTRIAL ARTS AND APPARATUS OF THE EXACT 
SCIENCES. By F. A. P. Babi^ajm), LL.D.— Paxis Universal 
Expositioii, 1867. 

" We have in this volume the results of Dr. Bamaard's study of the Paris 
Exposition of '1867, in the form of an official Report of the Government. It 
is the most exhaustive treatise upon modem inventions that has appeared 
since the Universal Exhibition of 1851, and we doubt if anything equal to it 
has appeared this century.''— cTbunuz/ Applied Ohetmetry, 
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Engineearing Facts and Figures. 

18mo. Cloth. $2.50 per Volume. 

AN ANNUAL REGISTEB OF PROGRESS IN MECHANI- 
CAL ENGINEERING AND CONSTRUCTION, for the Years 
1863-64-65-66-67-68. Fully Ulustrated. 6 volumes. 

Each ▼olume sold separately. 



Beokwith*s Pottery. 

Sto. Paper. 60 oents. 

OBSERVATIONS ON THE MATERIALS aad ManuJE^ture of 
Terra-Cotta, Stone-Ware, Fire-Brick, Porcelain and Encaustic 
Tiles, with Remarks on the Products exhibited at the London 
International Exhibition, 187L By Aethub Bbckwith, Civil 
Engineer. 

" Everything is noticed in this "book which comes under the head of Pot- 
tery, from fine porcelain to ordinary brick, and aside from the interest which 
all take in such manafactureiP, the -work will be of considerable valae to 
followers of the ceramic art." — Evening Mail. 
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Dodd's Dictionary of Manufaotures, etc. 

12mo. Cloth. $2.00. 

DICTIONARY OF MANUFACTURES, MINING, MACHIN- 
ERY, AND THE INDUSTRIAL ARTS. By Geoegb Dodd. 

This work, a small book on a great subject, treats, in alphabetical ar- 
rangement, of those immerons matters which come. g^^^tr ally withii\ the 74n|pe 
of manufactures and the produptiye arts. I^he raw materials — animal, vege- 
table, and mineral — whence the manufactured products are derived, are suc- 
cinctly noticed in connection with the processes which they undergo, but not 
as subjects of natural history. The operations of the Mine and the Hill, the 
Foundry and the Forge, the Efiotary and the Workshop, are passed mider re- 
view. The principal machines and engines, tools and apparatus, concerned in 
manufacturing processes, are briery described. ThQ scale on which Qur chief 
brsinchea of national industry ivre conduot^, in regard to values luxd quantities, 
is indicated in varipiis ways. 



Stuart's Civil and Military Engineer- 
ing of America. 



8to. Illustrated. . Cloth. $5.00. 



THE CIVIL AJSTB MILITAEY ENGINEEES OF AMEEIOA. 
By General Ohablss B. Stuabt, Author of " Naval Diy Docks 
of the United States," etc., etc. Embellished with nine finely 
executed portraits on steel of eminent engineers, and illustrated 
by engravings of some of the most important and original works 
oonstrufited in America. 

Oontaming sketches of the Life and Works of Hajor Andrew Ellioott, 
James Geddes (with Portrait), Benjamin Wright (with Portrait), Canvaas 
White (with Portrait), David Stanhope Bates, Nathan S. Roberts, Gridley 
Bryant (with Portrait), General Joseph G. Swift, Jesse L. Williams (with 
Portrait), Colonel William McKee, Samnel H. Kneass, Captain John Childe 
with Portrait )i Frederick Harbach, Major David Bates Douglas (with Por^ 
trait), Jonathan Knight, Benjamin H. Latrobe (with Portrait), Colonel Char- 
les EUet, Jr. (with Portrait), Samuel Eorrer, William Stuart Watson, John 
A Koebling. 



Alexander's Dictionary of Weights 

and Measures. 

8vo. Cloth. $3.50. 

UNIVERSAL DIOTIONART OP WEIGHTS ANB MEAS- 

UBES, Ancient and Modem, reduced to th.e standards of the 

United States of America. By J. H. Alexandeb. New edition. 

1vol. 

**Aatk standard work of reference, this book should be in every library ; it 
is one which we have long waajLted* and it will save much trouble and re- 
sea^h." — SctenHflc American, 



Gouge on Ventilation. 

Third Edititm Enlarged. 

8yo. Cloth. $2.00. 

NEW SYSTEM OP VENTILATION, which has been thoroughly 
tested under the patronage of many distinguished persons. By 
Henbt a. Gouge, with many illustrations. 
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Saeltzer's Acoustics. 

12mo. Cloth. $2.00. 

TREATISE ON ACOUSTICS in Connection with Ventilation. 
With a new theory based on an important discovery, of facilitat- 
ing clear and intelligible sound in any building. By Alexastdes 
Saeltzeb. 

'* A practical and very sonnd treatise on a subject (tf great importance to 
arcbitects, and one to which there has hitherto been entirly too little attention 
paid. The author's theory is, that, by bestowing proper care upon the point 
of Acoustics, the roquisite ventilation will be obtained^ and vice versa. — 
Brooklyn Union, 



Myer's Manual of Signals. 

yew Edition* Enlarged. 

12mo. 48 Plates full Boan. $5.00. 

MANUAL OF SIGNALS, for the Use of Signal Offloers in the 
Field, and for Military and Naval Students, Military Schools, 
etc. A new edition, enlarged and illustrated. By Brig. -Gen. 
Albert J. Myek, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the War of the Rebellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

18mo. Cloth. $1.00. 

CIPHER AND SECRET LETTER AND TELEGRAPHIC 
CODE, with Hogg's Improvements. The most perfect secret 
Code ever invented or discovered. Impossible to read without 
the Key. Invaluable for Secret, Military, Naval, and Diplo- 
matic Service, as well as for Brokers, Bankers, and Merchants. 
By C. S. LABBA.BEE, the original inventor of the scheme. 



Hunt's Designs for Central Park 

Gkiteways, 

4to. ClQth. $5.00. 

DESIGNS FOR THE G-ATEWAYS OF ^THB SOin?HERN 
ENTRANCES TO THE CENTRAL PARK. By Richam> M, 
Hunt. With, a description of tfaie designs. » 



Pickert and Metcairs Art of Graining. 

ItoL 4to. OloUi. 110.00. 

THE ART OF GRAINING. How Acquired and How Produced, 
with description of colors and their application. By Chables 
PiCKEET and Abbaham Metcau. Beautifully illustrated with 42 
tinted plates of tlie various woods used ii^ in^rior finishing. 
Tinted paper. 

The authois present here the result of long experience ix^ the practice of 
thiB decorative art, and feel confident that they hereby offer to their brother 
curtiMUUi a reliable guide to improTement in the pracUoe of graining. 



Portrait Gktllery of the War. 

60 fine FoEteaitB on StMU Boyal 8v«. . Ql^ lO-00. 

PORTRAIT GALLERY OF THE WAR," CIVIL, MILITARY 
AND NAVAL. A Biographical Record. Edited by Feank 
Mooius. 



One Law in Nature. 

12mo. GloUu |t50. 

ONE LAW IN NATURE. Bj Capt. H, M. Lazelle, U. S. A. 
A New Corpuscular Theory, comprehending Unity of Force, 
Ideatiiy of Matter, and its Multiple Atom Constitution, applied 
to the Physical A£Sdctions or Modes of Enei^. 




West Point Scrap Book. 

69 Engravings and Hap. Sra Extra Cloth. $5.00. 

WEST POINT SCRAP BOOK Being a Collection of LEGmiDs, 

Stories, Songs, etc., of tho U. S. Military Academy. By lieut 0. 

E. Wood, XJ. S. A. BeautifdUy printed on tinted paper. 

*< It is the work of aevenl different writers, whose names are withheld from 
the public, but whose contributions all bear a decided flavor of their origin, 
preser«nng the unity of a military education and experience. The volume 
abounds with personal anecdotes and humorous narratives, seasoned with 
copious specimens of the students' songs, and presenting a vivid, and doubtless 
a faithful, exhibition of the peculiar %hts and shades of West Point life." — 
JV. r. Tribute 

History of West Point. 

^ Second Edition^ 

With 36 Illustrations and Maps. 8vo. Extra Cloth. $3.00. 

HISTORY OF WEST POINT. Its Military Importance during 
the American Bevolution, and the Origin and Prog^ss of the U. 
S. Military Academy. By Byt.-Major K C. BoxwToir. 416 
pages. Printed on tinted paper. 

<* Aside from its value as an historical record, the volume under notice is aa 
entertaining guide-book to the Military Academy and its surroundings. We 
have full detsils of Cadet life from the day of entrance to that of graduation, 
together with descriptions of the buildings, grounds and monuments. To 
the multitude of those who have enjoyed at West Point the combined attrac- 
tions, this book will give, in its descriptive and illustrated portion, especial 
pleasure."— Jl^ Toinc Mening Fost. 



West; Point Life. 

(Ndong 8to. 21 full-page lUustratioxis, Cloth, $2.60. 

WEST POINT UFB, A Poem road before the Pialeotio Society 

of the United States Military Academy. Illustrated with Pen 

and Ink Sketches. By A Cadet. To which is added the song 

** Benny Havens, Oh ! " 

" Summer visitors at West Point will especially enjoy these illustrations ; 
and the poem itself may be regarded as a description of Cadet life, as seen 
from the inside, by one who appreciates it." — IT, T, JowtmUL of (J<nrm§n6^ 



to West Point 

MoA. {he U, S- Military Academy, with Maps and Engrltving^. 
18mo. BlueOlpth. Fle^ble Covers. $1.00. 
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SILVER MININQ REGIONS OF COLORADO, with some 
account of the different. Proceases now being introduced for 
wpr^dng the Gold Ores of that Tendtpxy. 3j J. P. Wsixnx. 
12n]yo« Papers 25 cents. 



COLORADO: SCHEDULE OF ORES contributed by sundry 
persons to the Paris Universal Exposition of 1867, with some 

' information about the Region and its Resources. By J* P. 

. Whitnby, Commissioner from the Territory. 8vo. Paper, wilii 
Maps. 25 cents. 

THE SILVER DISTRICTS OF NEVADA. With Map. Svo. 
Paper. 35 cents. 

ARIZONA : ITS RESOURCES AND PROSPECTS. By Hon. 
R. C. McCoBMicK, Secretary of the Territory. With Map. Svo. 
Paper. 25 cents. 

MONTANA AS IT IS. Being a general description of its Re- 
sources, both Mineral and Agricultural; including a complete 
descriptioii of the face of the country, its cliniAte, etc. Illustrated 
with a Map of the Territory, showing the different Roads and 
the location of the different Mining Disigricts. To which is 
appended a complete Dictionary of The Snake LiLNaxTAGE, and 
also of the famous Chinnook Jargon, with numerous critical and 
explanatory Notes. By Ojuittillb Stxtaei. Syo. Paper. $2.00. 
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RAILWAY GAUGES. A Review of the Thegacy of Narrow 
Gauges as applied to Main Trunk lines of Railway. By Sila.s 
Sbtmove, Gbnl. Consulting Engineer. 8yo. Paper. 50 cents. 



REPORT made to the President and Executive Board of the 
Texas Pacific Railroad. By Gen. G. P. Buxll, Chief Engineer. 
Svo. Paper. 75 cents. 
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VAN NOSTRAND'S 
ECLECTIC 

ENGINEERING MAGAZINE. 

COMMENCED JANUARY, 1869. 

Opnsifits ,of ArtialeSy Qrigin^I an4 fielected, and mattov cond^ised 
fi:om all the IJngmeermg Scientific Serial Publications of Euippe 
and America. 

The Eleventh volume of this Magelzine was completed by the 
. issue fo^ December, 1872. 

The growing success during the past four yeam demonstpateB the 
correctness of the theory upon which the enterprise w£ls founded. 
Communications from many sources prove that the Magazine has 
met a wide-spread want among the members of liie engineering 
profession. 

A summary of scientific intelligence, selected and sifted from the 
great list of American and European scientific journals^ is at pres- 
• ent afforded by no other means than through, the pages of this 
.Jfagazine. 

In the sixth volume, beginning with January (}872) numjber, 
we commenced some important improvements. Each number of 
the Magazine will hereafter contain something of value relating to 
each of the great departments of engineering l^bor. 

More space than heretofore will be d^yoted tp i^ort discussions 
. or elucidations of important formulee, especiaUy such as have proved 
valuable in the practice of working engineers ; our facilities for 
affording such items are extensive and rapidly increasing. 
. The progress of great engineering works in this oounizy will be 
duly chronicle 

Selected and condensed articles, with their illustrations, from 
English, French, German, Austrian, and American scientific peri- 
odicals, will contribute to make this Magazine more than ever 
valuable to the engineering profession, and will afford a compila- 
tion without which the library of the working engineer will be 
incomplete. 

Issued in Monthly numbers, illustrated. Price $6 a/ year in ad- 
vance ; single copies, 50c. 

Notice to Niq^w SnnscnjBEBS. — FersonB coxmoacQcing their tnbtMrip- 
tions with the Eighth Vol. (January, 1873), and who aredesironsof possessing 
the work from its commencement, will be supplied with Volumes I., II., IIL, 
IV., v., VI., and VII., neatly bound in cloth, for |20.00; half morocco, $30.00. 
pingle Volumes to completci Sets furnished. Volume I., t&.00, <S}oth; $7.60, 
half morocco. Volumes II. to VII., $8.00 each, cloth ; $5.00, I^alf morocco ; 
sent free by mail or express on receipt of price. 

Notice to Clubs. — An extra copy will b^ nuppUe^ gratis to eyery Club 
of five subscribers at $5.00 each, sent in one remittance. 



